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PREFACE. 



It is the object of this work, to present to the general reader, and to the 
more advanced pupils in our Schools and Academies, the most important 
PRACTICAL RESULTS of Natural Philosophy, (without the demonstra- 
tions,) in as condensed and intelligible a form as possible, and to exem* 
plify them by a great variety of applications to the phenomena both of 
nature and art. 

Within a few years past, great efforts have been made, especially in 
England, to divest science, as far as possible, of every thing technical, 
and to render its most important practical principles intelligible to every 
well informed reader. The profoundest truths are often capable of being 
expressed in terms that are plain and easily understood, although the 
reasonings by which those truths were investigated, and the proofs by 
which they are established, may involve refined and intricate mathemat- 
ical processes. Leaving, therefore, the demons iralions to such as are pro- 
fessionally devoted to science, it has been proposed to take the resuUs ou\y 
for the use of the general reader, and to show their applications to the 
useful arts, and to the explanation of natural phenomena. 

By this means, not only will scientific knowldege be far more widely 
diffused, but the useful discoveries of science may thus be rendered avail- 
able to artists, and others, who will reduce them to practice. It was 
with this view that the scientific treatises in the Library of Useful Knowl- 
edge, were prepared and published, at the suggestion, and under the aus- 
pices, of the late enlightened Lord Chancellor of England. Some of • 
those treatises are well adapted to the purpose in view ; others are ill- 
suited to the wants of the general reader; and they were evidently com- 
posed by men little conversant with the tastes and attainments of those 
for whom they were professedly written. Individuals, also, of profound 
acquirements and of high standing in the scientific world, have embark- 
ed in the same enterprise. Among the most successful of these, is Dr. 
Lard nor of the London University, whose writings on the several branch- 
es of Mechanics, and Lectures on the Steam Engine, are among the best 
attempts at reducing scientific principles to the popular standard. Dr. 
Bigelow's "Elements of Technology,'' is a highly useful and respectable 
work of the same class ; and a few others might be mentioned which are 
deserving of a similar character. Many of the writers, however, who 
have published scientific works designed for general reading, or for schools, 
make their works easy of comprehension, merely because they introduce 
into them nothing but the simplestand most superficial parts of the sub- 
jects of which they treat, and consequently give to the learner nothing but 
a smattering of science, — too little either to enlighten his mind, or to 
qualify him to appropriate the resources of science to his practical benefit. 

During the years 1831 and 1332, the writer published a work on Nat- 
ural Philosophy, in two volumes 8vo. designed as a text book for students 
in college.* He has been frequently solicited to prepare a volume like 
the present, suited to the purposes of the general reader, and adapted to 
a portion of the students in our High Schools and Academies, who have 
not made the attainments in mathematics requisite fox ^^\w%\w^ >icv^ 
larger work. Such a work is the volume now offeied vo v\\«i ^\\V\\^. "V^. 
contaJus the most important principles of NaluiaV PV\\\oso\!>Vv'3 ^ VvOsv «*-• 

* A Meeond edition of tbat work, wm pubUshed la 1^5* 
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tensive practical applications, and requires no farther attainments in 
mathematics than a knowledge of common arithmetic. 

The writer, while he has studied plainness and perspicuity, has not 
deemed it either necessary or expedient, to expound the doctrines of Phi- 
losophy in a juvenile, not to say puerilt^ style, with the view of making 
it more intelligible or more attractive to young minds. Such a style he 
believes to be no more intelligible than the ordinary style of philosophical 
writing; and he would desire the youngest student of philosoph}' to receive 
the impression, that the study owes its attractions to its own inherent 
dignity and utility, — to the elevation of its truths, and to their great prac- 
tical importance. 

The elevated course of study adopted in some of our schools, both male 
and female, requires a corresponding improvement in the books prepared 
for their use. In many of these seminaries, it is hoped that there will be 
pupils sufficiently advanced in mathematics, to read the more elaborate 
works on Natural Philosophy; while a still larger proportion perhaps, 
will find the present treatise sufficiently extensive for their use. 

The numerous Voluntary Associations formed in various parts of our 
country, for philosophical inquiry, will, it is believed, find the present 
work well adapted to promote their objects ; especially, on account of 
its numerous practical applications of the principles of science to the arts, 
and the purposes of life. Professional gentleman, also, and others of 
liberal education, will find this small treatise favorable for reviewing sub- 
jects, which, in the course of their collegiate education, they may have 
studied in a more difficult form. They may, moreover, meet with some 
things here, which the progress of the science has brought to light, since 
the time when they were students in Philosophy. 

With respect to the sources from which the materials of this volume 
have bedn drawn, they are, for the most part, the same as those of the 
larger work, where they are indicated in the margin. This work being 
professedly a compilation, illustrations have been adopted freely from 
such practical works as those of Lardner, Brewster, and Herschel. 

Tale College, December, 1830. 
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PART I. — ^MECHANICS. 



CHAPTER I. 

PRELIMINARY PRINCIPLES. 

1. Natural Thilosopuy is the science which trecUs of the 
Laws of the material world. 

The term LaWj as here used, signifies the mode in which the 
powers of nature act. Laws aim at determining things wi^ 
numerical precision, or of assigning the exact proportions in 
which effects take place. Thus, it is a property of light to be 
reflected from smooth surfaces ; but it is a law of light that the 
incident and the reflected rays make equal angles with the sur- 
face. It is a property of all bodies, when let fall in the atmos- 
phere, to descend towards the centre of the earth ; but the laws 
of falling bodies determine, precisely, how much farther a body 
falls in two seconds than in one. Laws are general truths, 
comprehending a great number of subordinate truths. Thus, 
it is a fact that heat enlarges the bulk of a cannon ball ; but 
this single fact would not constitute a law of heat. The law 
is, that heat expands all bodies. 

Natural Philosophy is divided into Mechanics, Electricity, 
Magnetism, and Optics. 

2. Mechanics is that branch of Natural Philosophy, which 
treats of the equilibrium and motion of bodies.^ This definition 

~ .-■ - -- i - >i- — 

Define Natural Philosophy. What does the term Law signify ? Give 
an example of a property of light, as distinguished from a lav) of light. 
Same distinction in regard to falling bodies. Give an example to show 
that laws are general trulht* How is Natural Philosophy divided? 
Define Mechanics. 

TiuitiM, ofbodJe$ in m gtMte ofrett or modon, and of the iotcM tilisiX luc^ \!M9^ 
ia tbete tta^t retpeetirely. 
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refera to Mechanics as a science ; the principles of the science 
applied to thepurpoBeeoflife, as in theconstniclionofmachine- 
ly, conslitute Practical Mechanics. The arts of life are partly 
mechanical and partly chemical. Mechanical efTccts involve 
only changes of place and ot figure ; but chemical effects in- 
volve a change of nature. Tnua the act of mixing the ingre- 
dients 6f bread ia mechanical, because it merely brings things 
together, producing only change of place ; the unseen union 
of ihe particles of flour, yeast, and water, forming dough, a new 
Bubatance dilTerent from any of these, is a chemical change, be- 
cause it alters the naCure of the substances ; making the loaves 
is mechanical, involving only a change of form ; and finally 
the baking ia a chemical process, because it still farther alters 
the nature of the body. 

Body, is any collection of matter existing in a separate form. 
The vord particle is much used in writings on physical sub- 
jects. In Natural Philosophy, we mean by particles, the small- 
est ports into which a body may be supposed to be divided by 
mechanical means, without any reference to the different ele- 
ments of which such particles may be composed. Inquiries 
of the latter kind belong to Chemistry ; and, in general, we re- 
cognize no distinctions among the different kinds of matter 
which constitute various bodies, and classes of bodies, (except 
what relates lo the slates of solid and fluid,) leaving to Chem- 
istry all inquiries respecting the composition of bodies, and the 
changes of nature which bodies undergo by their action on each 
other. 



! 

DcGnc Praclical Mtehanta, WhHt change! In bodies h» MechanicRl 
Knd wlialBreChemirBl? Give an eiBmple. Define bodg^aho, parli- 
tie. WhUicienceXseVliQl the dif trcnl Ir'inid ot muut ! DcGa^/orM^ 



' is any cause which moves or lends to move a body, 
or which changes or tends to change its motion. Thus the 
■ 3 power of steam in propelling a boat, the action of the 
wind upon a sail, of a weight upon a clock, and of an animal 
' 1 dragging a carriage, are severally examples of forces in 
actual operation. 

That part of Mechanica which relates to the action of force* 
producing equilibrium or rest in bodies, is called Statics ,- that 
which relates to the action of forces producing motion, is called 

The laws of equilibrium and motion undergo certain 
Scations in consequence of the peculiar properties of 
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fluids. Hence, that branch of Mechanics which treats of the 
equilibrium and motion of fluids in the form of water, is called 
Hydrostatics ; and that which treats of the equilibrium and 
motion of fluids in the form of air, is called Pneumatics, 

5. The two essential properties of matter, both of which 
are inseparable from it, are extension and impenetrability. Ex- 
tension, in the three dimensions of length, breadth, and thick- 
ness, belongs to matter under all circumstances ; and impene- 
trability, or the property of excluding all other matter from the 
space which it occupies^ appertains alike to the largest body and 
to the smallest particle, and to bodies under every form, solid, 
fluid, and aeriform. In Geometry, we conceive figures to pos- 
sess extension only without solidity ; or to occupy space with- 
out excluding other bodies from it ; but in Mechanics, we take 
objects as they occur in nature, viz. not only extended but im- 
penetrable. Thus, in the demonstrations of Geometry, a sphere 
is represented as existing in the midst of a cylinder, both bo- 
dies being supposed, for the sake of comparing their relations 
with one another, to occupy the same space ; but when we seem 
to penetrate matter, as in driving a nail into wood, the nail does 
not penetrate the wood, it displaces it ; and the same is the case 
when a body is introduced into water or air. 

6. Besides the two essential properties of matter, extension 
and impenetrability, there are various other properties which 
are not considered as essential to the very existence of matter^ 
«ince bodies might be conceived to exist without them, although 
some of them are in fact always present. Of these, two are 
intimately connected with the phenomena and laws of motion : 
they are Gravity and Inertia, 

Gravity is that property, by which all terrestrial bodies tend 
towards the center of the earth. It is in this sense that gravity 
is understood as a force in Mechanics. But in order to give 
the learner correct views of this important subject, we subjoin 
a few other particulars respecting it. 

7. Gravity is a property of matter, universally ; and the 
force of gravity in any body, is proportioned to its quantity 

OF MATTER. 



Define Hydrostatic* and Pneumatict. What are the two essential 
properties of matter ? lo what differeut lights are bodies considered in 
Geometry and in Mechanics ? Examples. Defiuft Gramt)j. 
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Gravity extends lo all bodies in the universe, from the 3i 
est to the greatest ; but the consideration of the subject, in Itus 
extent, belongs to Astronomy. We at present contemplalfi 
gravity only .as it afi'ects terrestrial bodies. By it all bodies 
are drawn towards the center of the earth, not because there 
is any peculiar properly or power in the center, but because, 
the earth being a sphere, the aggregate effect of the aitractions 
exerted by all its parts upon any body exterior to it, is such as 
10 direct the body towards the center. This properly discovers 
itself, noi only in the motion of falling bodies, but in the pres- 
sure exerted by one portion of matter upon another which eua- 
tatns it ; and bodies descending freely under its intluence, 
whatever be their figure, dimensions, or texture, are all equally 
accelerated, in a direction perpendicular to the horizon. The 
apparent inequality of the action of gravity upiM) different spe- 
cies of mailer near the surface of ti.\e earth, arises entirely 
from the resistance which they meet with in their passage 
through the air. When this resistance is removed, (as it may 
he done by means of an instrument called the Air Pump, to be 
described hereafter,) do such inequality ia perceived ; but a 
guinea, a feather, and the smallest particle of matter, if lei fall 
together, from the same height, will reach the plane exactly at 

8. The attraction of gravitation is reciprocal, or every 
body attracts every other precisely as muck as it is attracted by U. 

The earth has about seventy times as much matter as the mooo, 
yet the moon attracts the earth just as much as the earth does 
the moon. Nor is this doctrine inconsistent with that asserted 
in Art. 7, namely, ibat the force of gravity in a body is pro- 
portioned to its quantity of matter ; for, although the earth by 
containing seveuty limes as much matter as the moon, exerts s 
force seventy times as great as it would do were it of the same 
weight with the moon, yet it also, on the same account, is capa- 
ble of receiving from the moon seventy times as much ; and what 
the earth gains by its greater power of imparling, the moon 
gains by the earth's greater power of receiving. Suppose the 
earth divided iolo seventy parts, each equal to the moon. Now 
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each of these parts wiD act and be acted oo with die same force 
as die moon. Hence, the attraction of the moon being unity, 
that of the earth for the moon is serenty, and that of the moon for 
the earth is the same, being eqoal to what it would exeit upon 
seventy bodies each equal to iiseif. 

The wagki of a body is the force it exerts in consequence 
of its gravity, and is measured by its mechanical effects, such 
as bending a spring, or turning a balance ; or it is measured by 
the force which it takes to hold a body back, so as to keep it 
from falling. The force thus exerted by a given mass of mat- 
ter, (as a cubic foot of water,) being taken as the standard, 
called 1000, and accurately counterpoised in a balance, by 
some substance easily susceptible of division, as a mass of 
lead, for example, multiples or aliquot parts of this standard 
weight afford the means of estimating the weights of all other 
bodies. Hence, weights are nothing more than measures of the 
force of gravity in different bodies ; but since the force of gravi- 
ty is proportioned to the quantity of matter, (Art. 7.) weights 
are also measures of the comparative quantities of matter in 
different bodies. 

9. Gravity at different distances from the earthf varies inverse* 
Jy as the square of the distance from its center. 

The meaning of this proposition is, first, that as the distance 
from the center of the earth increases, the force of gravity di- 
minishes ; and secondly, that the degree of diminution, is not 
simply proportional to the increase of distance, so as to be one 
half at double the distance, and one third at three times the dis- 
tance, but it is proportioned to the square of the distance, so that 
at twice the distance it is only one fourth as great, at three times 
the distance, only one ninth, and at a hundred times the distance, 
only one ten thousandth part as great. The weight of a body, 
therefore, will vary at different heights above the earth's surface. 
Thus at the height of 4000 miles, (which is about twice as far 
from the center of the earth as bodies on the surface are,) a 
body would weigh only one fourth as much as at the earth ; and 
the moon, being about 60 times as far from the center of the 

Define weight. How is it measured ? How is it related to the quan- 
tity of matter? State tbe law of gravitj at different distances. How 
much less is a bodj attracted when twict the distance of another body 
from the center ? How much when three times the distance ? Uow wiU 
tbe weight of a body be affected by being raised above the general level 
•f the earth? How much would a weight lose %l \]h« Yiaa^X ^1 ^|M^ 
«f tie height of the moon ? 

2* 
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earth, as the distance from that center to the suriace, the atlrac> 
tion of the earth upon the moon is the square of sixty, that is, 
3600 limes less than upon bodies near the earth ; and, coDae- 
quenlly, very heavy bodies would become very light, if carried 
to such a distance from the earth. For example, a cart load 
weighing a Ion, would if lifted to such a height as the moon, 
weigh less than ten ounces; and a man of the largest size, 
ivhose weight was four huutired pounds, would under such cir- 
cuiDHtances, weigh less than two ounces. But the heights at 
which experimenta are commonly made upon the weights of 
bodies, are so small in comparison with the radius of the earth, 
thai the loss of weight, at different elevations, is hardly per- 
ceptible. At the height of half a mile, the loss could not 
amount to more than -n^th part of the weight at the general 
level of the earth, so that a ton of lead would lose only about 
nine ounces, by being weighed on the top of a mountain half a 
mile high ; but at such an elevation aa the top of Chimburazo, 
(which is nearly four miles high,) the diminution of weight 
would be material, being, in a ton, about four pounds and nine 
ounces. For, since the weights are inversely as the square of 
the distances from the center of the earth, 

4004^ : 4000^' : : 2240!bB. : 22351b8. 7 oz. 
That is, a ton of lead would weigh on the top of Chimborazo 
2335 pounds and 7 ounces, and of course would lose 4 pounds 
and 9 ounces. Hence, standard weights are adjusted at the 
level of the sea. 

10. A body situated vnthin a hollow sphere, would reiiiam at 
rest in any port of the t}uid. 

Were the earth a hollow shell, with a crust more or less thick, 
a ball introduced inio any part of the empty space, would remain 
perfectly at rest, and not fall either way. Were the bail placed 
in the center, it is easy lo see thai this would be the case, since 
it would be attracted equally on all sides ; but were it placed 
out of the center, and much nearer to one side than to the other, 
it would still remain at rest ; for while the nearer portions of the 
crust would attract it more than the remoter portions, there 
would be so much more matter on the side of the latter, as to 
counterbalance the advantage which the former derived from 
its greater proximity. 

How much wuuld B Tun weigh at the moai! > Wlial h Ihe loss of 
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Thus in Fig. 1. if the space r«g» *• 

between the two concentric 
circles represents the supposed 
crust of Uie earth,' and a body 
were situated in the void at P, 
it would be attracted as much 
more on the left of the line CD, 
on account of its being nearer 
to the matter on that side, as it 
would be on the right of the 
same line in consequence of the 
greater quantity of matter in 
that direction. It would there- 
fore remain at rest between 
equal forces. If therefore, a man were let down by a rope 
through a hole which penetrated the crust, the force required to 
support him, (in other words, his weighty) would grow continu- 
ally less and less until he reached the void, when it would be 
nothing. 

11. The force of gravity below the eartKs surface is, at dif- 
ferent distances from the center, directly proportioned to those 

distances. 

Since the force of gravity, acting on bodies exterior to the 
earth, increases rapidly as they approach the earth, some have 
erroneously supposed that if a body could be let down through 
a pit towards the center of the earth, its weight would be great- 
ly augmented ; but, so far is this from the fact, that were a body 
thus to descend into the earth, its weight would be continually 
^liminished until it reached the center where it would be nothing. 
This will be plain, if it be considered, that weight is nothing 
more than the measure of the force of attraction (Art. 8.) ; 
that a body when placed at the center of the earth would be at- 
tracted equally in all directions ; and that, at any point above 
the center, there would be matter exterior to it which, by its at- 
traction, would draw it back, and counteract its tendency to 
descend, and of course detract so much from its weight. 

12. Inertia is a property of matter by wMck it resists any 
change of state, whether of rest or motion. 

Demonitrate the proposition by the figure. State the law of gravity 
%M<^tnthe earth, at di£ferent distances from the c«uXet. Yl&'^V^V&^^xv^- 
•onof thifiair. Dein9 Inertia, 
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Tho inertia of a body at rest, is the resistance to be c 
to bring it to a given velocity ; or, in common language, ' 
start it ;" and the inertia of a body in motion, ia the resistai 
it makes to being stopped, after the moving force is withdrawn. 
Thus the inertia of a steam boat, while getting under weigh, re- 
quires a great expenditure of force lo bring the boat to its final 
Telocity ; but its inertia carries it still forward al\er the engine 
is stopped. Since every particle is endued with this property, 
the inertia of a bodi/ is proportional to ils quantity of niatter, 
and of course to ils weight. 

13. Were aholebored through the earth, and a cannon ball let 
fail into it, from the surface, the ball would be accelerated nntil 
it reached the center, although at a rate constantly diminishing- 
Afler it passed the center, it would be constantly retarded ; but 
in consequence of its inertia, it would rise Co the opposite eur- 
lace, where it would lose all the motion acquired in falling, nnd 
being again attracted towards the center, would ci 
brate throngh the earth forever. 



CHAPTER II. 

OF MOTION AND FORCE. 

14. Motion and rest are accidental states of bodies, nor is a 
body naturally prone to one slate, more than lo the other. If it 
is found at rest, it is because it is kept at rest by oppOEile and 
equal forces ; and if it is found in motion, it is because it has 
been put in motion by some force extrinsic to itself The re- 
sistances to motion which exist near the surface of the earth, 
particularly gravity, create a seeming tendency to a state of 
regi ; but in reality rest is no more the natural state of bodies 
than motion is. 

15. Motion is distinguished into absolute and relative. 
Absolute motion, is a change of place with respect to any 

fixed point : relative motion, is a change of place in bodies 
with respect to each other. When a man walks towards the 

Whal i> Itfl inenia of e, body at test ? Whai ie ihe inenia of a bortj 
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Stem of a ship, he is in motion with respect to the ship, hut 
may be at rest with respect to the shore. When a balloon, car- 
ried along by the wind, attains th.e same velocity as the wind, 
it is relatively at rest, and appears to the aeronaut to be in a 
perfect calm, though it may be actually moving sixty miles 
an hour. Since the earth, in its annual revolution round the 
sun, is moving eastward at the rate of 100,000 feet per second, 
were a cannon ball, at a certain time of day, fired eastward at 
the rate of 2000 feet per second, the only effect would be to 
add 2000 feet to the velocity which the ball had before in com- 
mon with the earth ; and were it fired westward, the effect 
would be merely to stop 2000 out of 100,000 parts of its pre- 
vious motion, while the cannon would proceed onwards leaving 
it behind. Did not the atmosphere partake of the diurnal mo- 
tion of the earth, but were it to remain at rest with respect to 
this motion, the progress of any place to the eastward, would 
cause a relative motion of the air, or a wind westward, which 
would blow with a violence far surpassing that of the most 
terrible hurricanes. 

16. Apparent motion, as distinguished from relative, is that in 
which the moving body is quiescent, and the seeming motion is 
owing to a real motion in the spectator. Thus the backward mo- 
tion of the trees to one riding rapidly, the receding of the shore 
to one who is sailing from it with a fair wind, and the diurnal 
motion of the heavenly bodies horn east to west, in consequence 
of the revolution of the spectator in an opposite direction: 
these are severally examples of apparent motion. It is often 
a very difficult problem to deduce the real from the apparent 
motion. We can sometimes decide that a given motion is realy 
because we observe a cause in operation which is competent ta 
produce it. The impulse of the wind, or the direction of the 
current, will satisfactorily account for a ship's receding from a 
given object, while no cause appears why the object should re- 
cede from the ship. The revolution of the earth on its axis, is 
competent to explain the apparent revolution of the heavens, 
while we can findjoo cause for their actual revolution. The ef- 
fects also of a give nmotion, enable us to decide whether it is 
real or apparent. Thus, a constant tendency to move in a 
straight line, is characteristic of real motion. 



Examples of motion on board of ship, in a balloon, in the revolution of the 
earth. Define apparent molion. Examples in the backward motion of 
trees, of the shore, and of the diurnal metion of the heo^v^ol^ ^^^\«^ 
How can we decide between apparent and iea\ mo\,\ou^ 




MECHANIC!. 

17. There are three particulars wliich are concerned in all 
the phenomena of motion; namely, ihe space over .which a 
body moves, the time of its motion, and the velocity with which 
it moves. If the motion uf a body be such, that it describes 
equal spaces in equal successive parts of lime ; then it is said U) 
move with ttniform velocity. Thus, when a ball rolls juat as 
&r the second second aa the first, and the third as the second, 
its velocity is uniforni. When the spucea described in equal 
Buccesaive parts of limo continually increase, it is said to move 
with an accelerated velocity ; and with a retarded velocity, 
when those spaces continually decreaae. If its motion be so 
regulated, that it receives equal increments of velocity ia equal 
successive pans of time, Ihen it is said to be uniformly accele- 
rtUed ; and uaifarmly retarded, if the body suffers equal decre> 
nieDts of velocity iu those equal portioiiG of time. 

The leading principles of uniform Motion, are comprehend- 
ed in the three foUowing propositions, vhicb are lo be treasured 
up in the memory. 

18. I. The Space equais the product of ihe time nailtipUed 
into the velodtij.'' — Thus, a body moving at the rate of 40 feel 
per second for 10 seconds, would evidently pass over a space 
equal to ten limes 40, that is 400 feet. 

19. II. The Time equals the space divided by the velocity.--- 
If, for example, a body has passed over 400 feet at the rate of 
10 feet per second, then 10 ; I"; :400 ; *^=.4Q seconds. 

20. in. The Velocity equals the space dividtd by the time. 
Thus, if a body has passed over 400 feel in 10 seconds, it 
jDust have proceeded at the rate of 40 feet per second : for, 

10":400: :1":*^=40. 
Hence, in uniform motions, if any two of the three particu- 
lars, space, time and velocity, be given, ihe other may be found. 
This may be illustrated by a few examples. 

When iau bodf snid m mote imifynnlu. txaii>ple ins ball lalliDg. 
When rtoes a bodj roove wiih arceltratii relocliy ? When with a rt- 
tardtd velocity ? Three piDpositlDiis on unlfarni moilon, m :— Whal 
doMihe ipaee equals The time/ The •elocity.' Give example! Of 
eBch. When tlietpeca aurt limBiiiegivflD, how may we fiodthe iieloit(Ji? 
Whan Ihc epace and velocily are given, how maj we find ihelim*^ 
When ihe time and velocily Bie given, how may we Slid Ihe tpace .' 

•Thf yonnjletnieriiJLpIlobepijzilL-diiilhiiieli iburaii sipimlDiH ■• Ume mnlll- 
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21. Questions on Uniform Motions, 

1. If a body moves uniformly 9 seconds with a velocity of 
1 7 feet per second, through what space will it pass ? Ans. 
153 feet. 

2. The space described by a body is 540 feet ; the velocity 
with which it moves is 6 feet per second ; what will be the 
time of its motion ? Ans. 90 seconds. 

3. A body describes 560 feet in 9 seconds : what is its veUh 
city 1 Ans. 62f feet per second. 

4. A bird of passage was observed to fly with a uniform ve- 
locity of 15 feet per second : over what ^pace would, she pass 
in 24 hours ? Ans. 245^ miles. 

5. A lame man set out to travel round the world. He could 
walk but one mile an hour for eight hours out of the twenty 
four. Provided he could go forward, without impediment, on 
the circumference of a great circle of the globe, which is 25,000 
miles round, what Time would he require to complete the jour- 
ney ? Ans. 8 years and 205 days. 

6. A wind blows uniformly from the equator to the pole (say 
-6,000 miles) in ten days : what is its Velocity per hour ? Ans. 
25 miles. 

22. Momentum and Force, 

The MOMENTUM of a body is its quantity of motion, and is 
proportioned to the product of its quantity of matter and velocity. 

If two balls, equal in weight, be rolled with the same velo- 
city, it is evident that they will together have twice as much 
motion as either of them alone. Also, ten balls, in like circum- 
stances, would have ten times as much motion as one ball. Nor 
would it make any diflerence, as to the amount of motion, 
lyhether they moved separately, or were united in one mass. 
With a given velocity, therefore, the momentum is proportion- 
ed to the quantity of matter. But the same balls, moving with 
twice or thrice as great velocity as before, would have twice or 
thrice as much motion : that is, the whole amount of motion^ 
or the momentum, is found by multiplying the quantity of mat- 
ter by the velocity. Thus a single ball may have as much mo- 
mentum as one hundred similar balls, if it moves a hundred 
times as fast as they do ; or, in general, a small mass of matter 
may have the same momentum with a large mass, if its velocity 
be as much greater as its weight is less. 



Define Momentum, £xarople iu balls tolled, ^tsX., yi\\.Vi >^^ ^acnA'v^^^ 
dt^ and afterward, with different velocilies. Hovi mvj «l %\d»>X\d».'» 
have the game momentum sls a large mass? 
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which moves or tends to move a body, 
tends to changt its motion. (See Art. 3.) 

The measure of a force, is the change of motion which it 
produces ; and the momentum of a body is determined by the 
force required to stnp it. Momentum ia eBtimated in pounds 
weight, a weight Just sufficient to balance it being supposed to 
act againstit by means of a cord passJngovera pulley. Thus 
I ball may be said to move with a momentum of 1,000 
pounds, because, were a scale loaded with this weight and at- 
tached to one end of a cord, while the other end was attached 
to the ball, {the cord passing over a pulley,) the ball and the 
weight would exactly balance one another, and the ball would 
be said to move with a momentum of 1000 pounds. The 
weight, moreover, would he a force acting agaioai the ball,f«ui- 
ing to move it in the opposite direction. 



Ques, 
I. A weighs 50 pounds . 



1 Momentum. 



s at the rate of 60 feet in 
a second : B weighs 300 pounds and moves at the rate of 10 
feel per second : How are their momenta ? Ana. equal; for 
50x60=300x10. 

2. A weighs 7 lbs. and is moving with a velocity of 9 feet in 
a second ; B weighs 5 Iba. and moves with a velocity of 1 1 feet 
in a second : What are their comparative momenta ? Momen- 
tum of A: momentum of B;:7x9: 5X11; that is 63:55 Ans. 

3. Suppose the battering ram of Vespasian weighed 10,000 
pounds, and was propelled with a velocity of 20 feel per second, 
and that this force was found sufficient to demolish the walls 
of Jerusalem. With what velocity must a 32 pound ball more 
to do the same execution ? 

The ball, in order to do the same execution as the battering 
ram, must have the same force, that is, the same momenHim. 
Now the momentum of the battering ram is 10,000x20= 
200,000 ; and this divided by 32 gives 6,250 for the number of 
feet per second the ball must move in order to have a momeD- 
Him of 200,000 pounds. 

4. Suppose a grain of light, moving at the rate of 192,000 
miles per second, should impinge directly against a mass of ice, 
floating at the rate of one foot per second : what weight of ice 
Would "the light stop? Ans. 144822.857 lbs. ; or more than 
64 tons. (lib. av.=7,000 gra.) 
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5. The earth being 8000 miles in diameter^ if a ball of the 
same density with the earth, ^th of a mile in diameter, were 
placed at the distance of ^th of a mile above the earth ; what 
space would the earth move through to meet it ? Ans. 
TOiro(F.W.?nrffth inch nearly.* 



CHAPTER III. 

OP THE LAWS OP MOTION. 

25. There are three fundamental principles of motion, of 
most extensive application in Mechanics, which are called 
the Laws of Motion. They are remarkable examples of a 
happy generalization ; but their very comprehensiveness ren- 
ders them difficult to be understood by the young learner ; nor 
can they be thoroughly mastered, in all their relations, until 
after considerable proficiency is made in the science of Me- 
chanics. We shall endeavor to make them as plain as possible 
by a variety of illustrations. 

26. First Law. — A body continues altoays in a state of rest , 
or of uniform motion in a right line, till by some external force 
it is made to change its state. 

This law contains the doctrine of Inertia, expressed in four 
particulars. First, that unless put in motion by some external 
force, a body always remains at rest ; secondly, that when once 
in motion, it continues always in motion unless stopped by some 
force ; thirdly, that the motion arising from inertia, is always 
uniform ; and, fourthly, that this motion is in right lines* 

27. That a body at rest will continue at rest, is a consequence 
immediately arising from the inertia of matter. (Art. 12.) 

.^^_j _._ . II iwi— ---i-iiii ... __^,ji_.i I .. 1^ ■ ' — 1 M^" ~ • — •" m ■ I f - 

If a large and a small body move towards each other in consequence 
of their mutual attractions, how much faster will the smaller body move 
than the larger f 

State the FintLaw of motion. Mention each of the four particulars 
which this law embraces. How do we infer that a body at rest will ooa* 
tinue at rest unless moved by some external force .' 

*In order to tolre this question, the learner most bear in mind, duit the two bodies 
would approach each other witn equal momenta (Art. 8.) ; but that the space orer 
wluch the earth would pass, would be as much less than that of the smaller bodf , at its 
^oantitf of matter was greater ; and that the quantitiieicf uutttiei Vn «|^ffSR9^ vk ^V^^ 
^•rtkned to the eubtf a cb«r diaraeten. 



TImi a body in laon— wifl waaag to proceed nnifoTmly along 
Ae ri^ line in wfaick it ht^m ta botc, amil il is acted Dptm 
hr aome eneraal Sunt, k iuftii w ] fiom tbe ftct, thai any devia- 
koa Cms yifarwi iriliitii ■oboo, in a raonng body. Is 
■htwed M» Iw owing M aoue taUrmd fine ,- and thai sgch 
' " ~ ' ' * ab SBch exlennl force is withdrawn ; 
morion of ihe body would 
recuIinesT, and perpeiuaj. We 
ich a state, in a ball rolled succea- 
■inlj on tin eauh, on a foor, aad on smooth ice. Although, 
on accoutu of ibe nm atto u s impedinieots to motion which exiat 
at the su(&c*of tbe eanh, bodies are umble to maintain for any 
eoD3)denb)e dme, tbe taoiian tbry b»e acquired, yet we see 
the Aral Uw of nmtiaa, ao &r as it le^tects the tendency of 
bodirs to perserrre in motiaa, (idly confinned in the continued 
tnd unaltered rerolutioa of tbe heavenly bodies. These are 
intpriled by no renewed fbiccs, bol rerolve from age to age in 
U undenaiing course, simply becauc ihey meet with no im- 
f«diments. 

38. We may see Tarious exemplifications of this law in tbe 
occurrences that daily presoit themseWes to our obseiratioa. 
Anijirsi, with rwpect to bodies at rwi. Their leodmcylo 
Kinain at rest is seen, when a horse staits suddetdy forward, and 
his rider is thrown backwanl. In consequence of the inertiaof 
tnalter. before a body can be brought to the required veloci^, 
Ais Telocity roust be impressed on every panicle of matter it 
contains. Hence, the more numerous its particles, the greater 
is the resistance from inertia ; that is, the resistance is pn^wr- 
tioDed to the quantity of matter. A vast weight may be ntoved 
on H horizontal rail way by a comparatively small (oree, 

{rovided it can be got into motion, with the required velocity, 
u transporting large quantities (eighty tons for instance,) of 
coal, the weight is distributed into a number of diflerent cars, 
connected together by a loose chain, ia order that tbe inertia of 
the several parts may be overcome successively. 

29. In consequence of the inertia of matter, the motion ap* 
plied to a body, does not instantly pervade the mass. In order 
to this, motion must be applied gradually, especially if the body 
ia large ; for if il is applied suddenly, it ia frequently all ex- 

Hnw do wg infer iliat il body in mution te 
in H right line ^ £Mnip1ei in a ball loUed o 
ienvenlj bodies I Example* of lott^.w 
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pendedoB apart of diemaaa, die eoheaioo jaofooome, and 
the body is brokeo. This fgpiaoation may be applied to se?:- 
eral femiliar fects. When a team starts saddealy fcrwaid with 
a heavy load, the eflfort is either wholly ioeffisctoal^ or some 
part of the haioess or tackling gives way. If we dimw a heavy 
weight by a slender string, a slow and steady poll will move 
the weight, when a sodden twitch woold break die string with- 
out starting the mass. The same principle applies to bodies 
already in motion. Thus, when a Ikhsc in a carnage starts 
suddenly forward, he may break loose as well when the car- 
riage was previously in modon as when it was at rest. Tht 
inerda of a body is, in finct, the same whether the body is in 
modon or at rest, opposing the same resistance to its moving 
with increased velocity, as to its beginning to move from a 
state i^rest. 

30. Several singular phenomena result from the same cause, 
showing that time is necessary in order that modon communi- 
cated by impulse may pervade the endre mass. A |usurf ball, 
fired through a pane of glass, frequendy makes a smooch weQ 
defined hole, and does not fiacture the other parts of the g^ass. 
Here, the momentum of the ball is communicated to the parti- 
cles of glass immediately before it. Had die impuke been 
gradual, the same motion woidd have diffused itself over the 
whole pane, and eveiy part would have felt the shocL A ball 
fired through a board delicately suspended, canses no vibiadon 
in the boanL A cannon ball having veiy great velocity pass- 
es through a ship's side, and leaves but a little nuuk, while one 
with less speed splinters and breaks the wood to a considera- 
ble distance around. A near shot thus often injures a ship 
less than one from a greater distance. A soft substance, as 
clay or tallow, may be fired through a plank before the motion 
has had dme to diffuse itself through the condguous parts 
The whole momentum being concentrated upon die part imme- 
diately before the body, the cdiesion of that part is destroyed. 

31. Secondly^ let us consider the effects of Inertia as it 
respects bodies in motion, . All bodies in contact with each 
other acquire a common modon ; as, for example, a horse and 
his rider, a ferry boat and its passengers, a riiip and every thing 

Does aotioB iMtmntly pcrracle the ■»••? Ezanplet ■■ teams ^^'^H 
from rest or in motiom, io iiing a pistol baU, aad caoooo ball, or soft 
substances. Girt exasiples of bodies is eostaei, ^iikic^ «ft^ia&B% « 
gomiaoa Muodon, 
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within il, the earth and all things on its surface. 'Whenerer 
either of these bodies stops suddenly, the movable bodies con- 
nected withil are thrown forward. Were the re?olulion of the 
eanh on its axis to be suddenly arrested, the most dreadful 
consequences would ensue ; every thing movable on tls surface, 
as waters, rocks, cities, and animals, not receiving, instantane- 
ously, this backward impulse, would fly off eastward, in pro- 
miscuous ruin. Were the diurnal motion of the earth, however, 
Tery gradually diminished, until it finally ceased, so thai lime 
should be atfordetl to communicate the loaa of motion by slow 
degrees to the bodies on its surface, no such effects would take 
place. If a passenger leaps from a carriage in rapid motion, 
he will fall in the direction in which the carriage is moving at 
the moment his feet meet the ground ; because his body, on 
quitting the vehicle, retains, by its inertia, the motion which it 
had in common with it. When he reaches the ground, this 
motion is destroyed by the resistance of the ground to the feet, 
but is retained in the upper and heavier part of the body, bo 
that the same effect is produced as though the feet had been 
tripped. Coursing owes all its interest to the instinctive con- 
sciousnesfl of the nature of inertia, which seems to govern the 
measures of the hare. The greyhound is a comparative!;' 
heavy body moving al the same or greater speed in pursuit. 
Tlie hare doubles, that is, suddenly changes the direction 
of her course, and turns back at an oblique angle with the di- 
rection in which she had been running. The greyhound, un- 
able to resist the tencendy of its body to persevere in the rapid 
motion it had acquired, is urged forwards many yards before 
it is able to check its ipeed and return to the pursuit. Mean- 
while the hare is gaining ground in the other direction, so that 
the animals are at a very considerable distance asunder when 
the pursuit is recommenced. In this way a hare, though much 
less fleet than a greyhound, will often escape it.* 

32. Thirdly, bodies, in consequence of their inertia, have& 
tendency to move over equal spaces in equal limes ; that is, to 
move uniformly. In a ball rolled on ice, in a pendulum con- 
tinuing to vibrate after the moving force is withdrawn, and in 
numerous cases similar to these, we observe both in nature and 

Effects of inenla on hoiiiaa BuddEuly slopped. Examples, in ih« euth 
■uddenlf laeing iiB diuinal inoiion — In leaping from h carriage—in 
coBraing, Examples uf the lendenry of bodiei lo move uni/orni(j— in > 
Iwll tolled on ics — in a pendulum. 
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art this tendeacy to uniromi motion ; but iti all these cages, the 
moLton is not absolutely uuirorm, but is more or less retarded 



nearer approum 
tained by n 



encountered. A much 
the truth is ob- 
apparatus called 



Attoood'sMaehine.(F\g.2.) Its 
tion, omitting some parts not essential to A' 
the principle, is as follows. The triangu- 
lar base and upright pillars (which are 
usually of mahogany) constitute (he frame, 
which is surmounted by a horizontal (able 
or plate of wood A B, perforated with sev- 
eral holes. C is a vertical wheel, which, 
by a contrivance called friction wheels, 
(not represented in the figure,) is inacle to 
revolve with the least possible resistance 
from friction. D and E are two weights 
exactly equal, and connected by a slender 
string passed over ibe wheel C. F G is 
a perpendicular scale graduated into inch- 
es from top to bottom, extending from to 
60 or 70, according to the height of the 
machine. H is a movable ring which 
slides up and down on the scale, and K is 
a brass plate sliding in the same manner. 
There are also sometimes connected with 
the machine, a pendulum, and such parts 
of a clock, as are necessary for beating 
seconds, in order that llie lime of each ex- 
periment may be accurately noted. 

33. A great variety of the principles of motiim, may be es- 
tablished by means of this apparatus, but we are at present 
concerned only with the method of showing, that a body when 
once put in motion continues, by inertia, to move uniformly, 
aller the moving force is withdrawn. It is obvious that the 
weights D and E balance each other, and consequently (hat the 
power of gravity is entirely removed from D, so that it is at 
liberty lo obey the full and exclusive influence of any force that 
maybe applied to it. If, therefore, an impulse be given, by th« 
finger, for example, to D, when at the lop of the scale, it ought 
in conformity to the law under consideration to move uniformly 
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along down the scale, passing over the same number of'tDcheft 
in each successive second. Such appears to be the fact ; but 
irder to give a still greater precision to ilie experiment, a 
small brass bar is laid on D, which communicates motion to it, 
accelerating its progress imtil it comes to the brass ring H, 
where the bar lodges and the weight proceeds on with the ve- 
locity required. This velocity is found to be uniform ; that is, 
the weight D after it leaves the ring passes accurately over 
the same number of inches on the scale in each successive 
eecond, 

34. Fourthly, moving bodies haive a constant tendency to 
Biove in right linrs. Iji nature, there occur, indeed, but few 
txampies of reciilinear motion, but almost every moving body 
describes a curve. Thus, the heavenly bodies move in ellipses 
or ovals ; bodies thrown into the air describe a curve called a, 
parabola ; or if their direction is so altered by a resisting me- 
diuia that their path is no longer a (rarabola, it is still changed 
to some other curve ; and a ship sailing across the ocean, de- 
scribes a curvilinear path on the surface of the earth. The waving 
of trees and plants, tiie courses of riveis, the spouting of fluidst 
and the motions of winds and waves, are likewise more or lew 

■viUnear. Bodies falling towards die earth by gravity, pre- 
it almost Ae only examples we observe iu nature of a matioii 
purely reciilincRT ; and this is so only in appearance. But 
notwithsianding the deviations from a right line, obaenable ia 
actuai motions, yet we find that there is always some extraneous 
cause in (fetation which accounts for such deviations. 

35. In consequence of this tendency of moving bodies to 
proceed in right lines, when a body revolves in a cur\e, around 
some center of motion, it constantly tends to Hy off in a straight 
line which is a tangent* to its orbit. The force which thus car- 
(iea a body off from the center of motion, is called the centrifugal 
firce, A stone from a sling, water escaping from the circuOH 
twence of a revolving wiieel, and water receding from the cen- 
ter of a tumbler or pail when the vessel is whirled, are familiar- 
instances of the tendency of bodies when revolving in circles 
lo Hy off in straight lines. If a pail, containing a little water,, 
he hung up by the ears, by a cord suspended from the ceiling- 
How iBlhB IBiidenej of boHiBE to move \u rig/it finej proved? Are 

nniurBl molinns usually [eciilineBr? iLiainptfs. Define cinl-ifi^at; 
'fiTtt- ExampleB In a >liiig,-Mn a WBlei pail lUspBiiiled ani) whirltd. 
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oft nxMB, on tDcning the pail and twisting up 
the cord, and then BafferJng it to untwist so la ' 
to give a rapid reTotntioa to the pail, the water 
wiU rise on Ae sides of the vessel, and, if the 
tnorion be sofficientl^ rapid, it will be thrown 
out of the vessel in lines which are tangents to 
the Burlace of the vessel. If a glass vessel of 
anitable size and shape* be substituted for the 
pail, the experiment is observed to better advan- 
tage. Sach a vessel is represented in the an- 
nexed figure. 

36. The action of the centrifugal foice may 
he studied still mwe advantageously by means 
of the apparatus called the Whirling Tables. 
These consist of two small circular tables, to 
which (by means of a crank) is communiealed 
a horizontal revolution around iheir ceBtera. 
Bodies laid on the tables in diO'erent ways, 
are nude to participate in their rotary motions, and thus fte 
laws of the cenlrifugal force may be observed. By means of 
Ibis apparatus, the following propositions are established. 

37. (1.) The centrifugal force of bodies revolving in a given 
circle, is proponioned to their densities or specific gravities. 
If quicksilver, water, and coik, be whirled together in a tub or 
vessel, these bodies arrange themselves in tbe inverse order of 
their specific gravities, so that the cork will be at the least, aoi) 
the quicksdver at the greaiest distance from the center of th& 
vessel.f 

3S. (S.) When bodies revolve in the same circle with dificr» 
ent velocities, the centrifugal forces are proportioned to the- 
squares of the vel^iciiies. By doubling the velocity of a revolviogj 
body its centrifugal force is quadrupled ; and ten times a former 
velocity, gives one hundred times the former centrifugal force. 
Millstones, revolving horizontally, communicate their circular 
motion to the com that is introduced between them, near th& 

DsKiitM Ihe Vhtrlmg Tablei. Hnw are borlics placed in exnerimenu 
on cenlrifugHt force? State the In w in re]RIit)n to deniit^. Eiamplei. 
in qukkgllTec.water.snd cork. Stale the law larelationiD diSetenl Te> 
lofitiei. How mucb ii ttae cent rifii gal foicii afa body, rsTOlrlng ate glveit 
dinauce ftoiu the center increased, by increaiing iti relocilj teu timei. 
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center. The corn, by the ceDtrifugal force which it gradually 
acquires, recedes froni the center and passes outatihe circum- 
ference. If too great a velocity be given to millsionea, they 
Bometiraes burst with violence. A horse in swift motioQ, on 
suddenly turning a comer, throws his rider ; and a carriage 
turning swiftly is overset on the same principle. In feats of 
horsemansliLp, when the equestrian rides rapidly round a small 
ring, he inclines his body inwarde in different degrees, according 
to the velocity with which he is moving, and thus counteracts 
his tendency to fail outwards by the centrifugal force. 

39. (3.) Hence, when spherical bodies revolve on their axes, 
the equatorial parts being farther irom the center of motion, 
and consequently moving faster than the other parts, have a 
proportionally greater centrifugal force. If the revolving body 
is soft so as to yield, it is elevated in the equatorial and de- 
pressed in the polar parts. Thus a mass of clay revolving on 
a potter's wheel, swells out in the central parts and becomes 
flattened at the two ends. The earth itself, by its figure, which 
is an oblate spheroid,* the diameter which passes through the 
equator being about 26 miles greater than that which passes 
through the poles, indicates the operation of this principle ; 
and the planet Saturn, which has a far more rapid revolution 
on its axis, indicates the same modification of its figure in a 
still higher degree, being strikingly elevated at the equator and 
depressed at the poles. Let the 
circle in Fig. 4. represent a sec- 
lion of the earth, AB being the 
axis on which it revolves. This 
rotation causes the matter, which 
composes the mass of the earth, 
to revolve in circles round the | 
diflerent points of the i 
centers, at the various di) 
at which the component parts of 
the mass are placed. As they 
all revolve with the same angu- 
lar velocity, they will be affect- ^ 

ExanipleiorceiiliifugBl aciioii in millBlunef— in iiirnlng h coniei awiftlf 
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ed bf Ae centrifiigal forces, which will be greater or less in 
jm^KNtioQ as their distances from the center are greater or less; 
conseqaenily, the {muIs of the earth which are situated abool 
the equator, Q, will be more strongly affected by centrifueal 
fi»rces than those about the poles A, B : the effect of the diA 
lierence has been, that the component matter about the erjoator 
has actually been driTen £irther from the center than that about 
the poles, so that the figure of the earth has swelled out at the 
sides, and appears proportionally depressed at the top and brA- 
torn, lesemWing an orange in shape. 

40. The centrifugal ibree of the earth's rocatioo also affe^rts 
deaclied bodies on its sniaee. If such I^j^m were wA hM 
npoB the suthce by the eaith't zantMii, iher wfjM be tstami^ 
diaidy fimg off by the wfaiHijUig rxf*jfj& in wa^crii they yiW^K^ 
faatm Tbe ccnuifngal ferce, jkorv#^er. f*stl^ ^jmjuuAA 'X^ 

~ ^ fht earth s aancdon 6a wm^ 'v/,]*^ <v wi^ a ihf 

ThKT Teagt2», io iacL w*?«!r a V>fy wt-^jjr.vftig 

of :iK- tarzfc : bee Viusig una^ '^vt t^os^ v^iu^ at 
^psfe ±ai^ e ifbe ff^saflor. n rs::*ii td vxjrt w^.^Ati. V/ 'SuaCy 
froB »i ^aiHs. ZiER: js a £3LX '^' {£A ;;ouift A 1 >C j5 ^ 

paces aomJlT -oiiiaac f»iiL -aii^ t«ic«ir ip-ulu^ -Jt t^ «t:tu( . "tat 

ezr±- Tiipr acnn:?^ imn :aft tisacrJ.ift.-it jyr ve t -.«jt«wi*7 i^ 

ar* n ait nnanac. sue jew » tu*rr ^r^ewji ti^ yu^ ^>ie 

c.^sx- 13. "ie ignnsQiUL ▼tiuui c wjvamisntt v, sr&'^^ ^^^bp it* 

eozcia' f£ iut taet^rnr nt tirr«r.nit « a i iiue jiCT^irtiffniar 
tt -Aft «K!&:"s aafe Timi n 5 a: t. "lit istsimivt»i ivevist «n. 
SEC jx 3» 2ni» C J . 'C J inr tt tut imei '^ 5^ V J itt Tiiir 

^ ^susL. X j» JESB mil j»t ^mM0A A ^»^m V te -uiunsL 
iftat ^^^ mtwuML tat isjit 'w*vn HMm: < >g vw nyj^ »ia«k 





fasietthan it is, ihe cenlrirugal force would, at the equator, be 
equal 10 the power of gravity, and all bodies there would en- 
brely lose their weight ; and if the earth were to revolve stUI 
quicker than this, they would all fly off, 

41. The consideration of centrifugal force proves, that if a 
body be observed to move in a curvilinear path, some efficient 
cause must exist which prevents it from flying olf, »nd which 
compels it to revolve round the center. Thus the bodies of the 
Bokr system are constantly impelled or drawn towards the sun 
by a force which we denominate gravity. If this force did not 
act constantly, they would resume their motion in the right line 
in which they were originally projected, when they were first 
launched into space, and would continue moving in ilforevei. 

42. Second Law. — Motion, or change of motion, is propor- 
itmal to the ' 

lehich tkalf 



lumal to iki force impressed, and is produced in the right line it 
'at force acts. 

First, motion is proportional to the force impressed. This is 
TBry satisfactorily shown by means of Atwood's Machine, 
(Fig. 2.) When the box D is loaded with bars of different 
weights, (the bars being left on the ring, H, as in Art. 33,) the 
box descends along the scale, in consequence of the motion 
given it by the bar, with velocities exactly proportional to the 
weights of the bars respectively. 

43. Sceondly, motion is in the direction of the force impress- 
ed. Notwithstanding the diversity of motions to which every 
terrestrial body is constantly subject, the effect of any force to 
produce motion, is the same, when the spectator h^s the same 
motion with the body, as though that body were absolutely at 
rest. In other words, all motions are compounded so as not to 
disturb each otiier ; each remaining, relatively, the same as if 
there were no others. If we are in a ship, moving equably, 
any force which we can exert will produce the same motion 
relative to the vessel, whether it be or be not in the direction of 
the vessel's motion. If we stand on the deck, supposed to be 
level, and roll a body along it, the same effort will produce the 
same velocity along the deck whether the motion be from head 
to stern, or from stern to head, or across the vessel. Also s 

What i( (ha Secnnd Law at Motion i How is th« fint put of [hii 
law pcoircri bj txperimenl ! Ii Ibe iBeci o( a force Blteted bv the bodjr'i 
being pravioaslx ia mDlion.' Ex&Diple, on board of vessel. Case of a ball 
lulled in diSeieat ilir«cliuiii. 
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body dropped from the top of the mast will not be left behind 
by xhe moticm of the ship, but will fall along the mast as it 
would if the mast were at rest, and will reach the foot of it at 
lhe same time. If a body be thrown perpendicularly upwards, 
it will rise directly over the hand and fall perpendicularly upon 
it again ; and if it be thrown in any other direction, the path 
and motion relative to the person who throws it will be the same 
as if he were at rest 

44. Since, according to the second law of motion, the 
change of motion is proportional to the force impressed, it fol- 
lows that the smaUett force is capable of moving the largest 
bodies. Agreeably to this doctrine, a blow with a hammer 
upon the earth ought to move it, and that it would do so may 
be inferred from the following reasons. 

(1.) We can conceive the earth to be divided into parts so 
small, that the blow would produce upon one of them even a 
sensible motion. Then it would produce on two of the parts 
half as much velocity ; and upon all the parts together a velo- 
city as much less than upon one, as their number was greater 
than unity. This velocity might be appreciable in numbers, 
although too small to be observed by the senses. 

(2.) Very heavy weights may be actually put in motion by 
•mall forces. Leslie asserts that a ship of any burden may in 
calm weather and smooth water, be gradually pulled along, even 
by the exertions of a boy. 

J 3.) The repetition of very small blows, finally produces sen- 
e effects upon large bodies. The wearing away of stone 
by the dropping of water, the abrasion of marble images by 
the kisses of pilgrims, and especially, the demolition of the 
strongest fortresses by repeated blows of the battering ram, 
are examples of the powerful effects produced by small im- 
pulses, each of which must have contributed its share, since 
the addition of any number of nothings is nothing stilL 

45. Third Law. — When bodies act upon each other , action 
gnd reaction are equal and in opposite directions. 

If I strike one hand upon the other at rest, I perceive no 
difference in the sensations experienced by each. The resis- 



Case of a body dropped from mast head, — of a body thrown directly 
upwards — or in any other direction. Is the smallest force capable of re« 
■oving the largest body ? Eflect of a blow with a hammer on the earth. 
Three reasons stated in fa?or of the doctrine. What \« th« TYiu^ '^ ''^ 
of iSotioa f Exuwple, one band ttruck vpon the oxViei. 
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:e to the hand which gives the blow is equal to the impulse 
■Q. A boatman presses against the bank with his oar, and 
ion in the opposite direction, which being com- 
municated through him to the boat, makes it recede from the 
shore. He strikes the water, the reaction of which, at every 
impulse, carries the boat forward in the opposite direction. 
An infirm old man preaaea Uie ground with his staff, and thus 
by lightening the preasure on his lower limbs, makes his arms 
petform a part of the labor of walking. A bird beats the air 
with his wings, and by giving a blow whose reaction is more 
than BufGcicnl to balnnce the weight of his body, rises with the 
dilference. When the wings are small and slender, as those of 
the humming bird, and disproportioned to the weight of the 
body, the defect is compensated by more frequent blows, giving 
nimble motions suited to their short but swiil excursions, while 
the long wings of the eagle are equally fitted, by their less rapid, 
but more effectual blows, for their distant journeys through the 
skies. Hence, propelling and rowing a boat, flying, and swim- 
ming, are processes analogous to each other, depending od tbs 
principle of reaction. 

46. If a man stands in a boat and pulls upon a rope which 
is fastened to 3 post on the shore, the force of the man is ex- 
pended on the post in one direction, and the post, by its reac- 
tion, draws the man in the opposite direction, namely, towards 
the shore. Call the man A, and let another man B, take the 
place of the post. If B pulls with a force juai equal to that of 
A, he will do nothing more than what the post did before, and 
therefore the two men together will bring the boat ashore no 
sooner than A would have done it alone in iheformer case. If A 
pulls with more force than B, he pulls B towards him and the 
reaction, or the force which carries the boat ashore, is the same 
as before, namely the force of B. If B were to pull with more 
force than A, he would pull A out of the boat, were not A at- 
tached firmly to the boat, in which case the velocity of the boat 
would be augmented. By attentively considering Ibis and all 
analogous cases, we shall perceive, that whenever two bodies 
act against each other, they give and receive equal momenta, 
and the momenta being in opposite directions, it follows, that 
bodies do not alter the quantity of motion they have, estimated 
in a given direction, by their mutual action on each other. 
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47. These familiar illustrations may serve to give a general 
notion of the doctrine of action and reaction, as contained in 
the third law of motion ; but this law is susceptible of more 
precise experimental proof by means of the following apparatus. 
(Fig. 5.) Two equal bodies, whose quantities of matter, or 
weights are respectively 
lepresented by A and B, 
are suspended contiguous 
to each other by strings 
of equal length. A is 
pull^ fix)m its pependic- 
ular position, and let fall 
upon B at rest. The 
•pace through which each 
body passes in a given 
time, as indicated by the 
graduated arc XY, is a 
measure of its velocity, 
and, in all cases velocity 
multipliedinto the weight, 
is a measure of the momentum. (Art. 22.) From experi- 
ments with this apparatus, the following truths are established : 
(1 .) That, when A is equal to 6, the two bodies move together 
after impact with half the velocity of A before impact ; and 
since the quantity of matter in both is double that of A, the 
two bodies moving with half the velocity of one of them, have 
the same momentum, that is, the same after impact as before, 
and consequently as much motion as A imparted to 6 by its 
aetuNi, just so much B took from A by its reaction, (2.) That, 
when A is greater than B, it still holds true that the momentum 
of die mass composed of both bodies united, is the same after 
impact as before : consequently B extinguishes in A just as 
much motion as it receives from it. (3.) That when the two 
bodies move in opposite directions, the quantity of motion aft<$r 
impact is equal to the difference of their momenta before impact. 
Thus if A and B are equal, and they meet with equal veloei- 
ties, each receiving what it gives in an opposite direction, both 
are brought to a state of rest. If B has half the velocity of 
A then it will extinguish an equal amount in A, and will return 
in company with A with the same velocity as before. 

How is the law of reaction established by experiment ? Describe tht 
apparatus. When A is let fall upon B at rest, (the two bodios being equal,) 
vith what velocity do they move after impact ? When A is greater than 
B« how is the momentum after the blow ? How much motion do«% 1^ vn- 
tinguish in A ? When the two bodies meet from oppoi>\v« ^\t«OA^tk% \kVii 
sue their momeDta. after impttcti 
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48. lo order to understand the doctrine of ihe eoUision of 
bodies, it is necessary to advert to ihe distinction between elas- 
tic and non-elastic bodies, Ulru'tic bodies are such as vrAen 
compressed, restore themithes to their former state. If they 
restore themselves with a force wfaiuh is equal to the compres- 
Bing force, then they are said to heperfectly elastic. Sponge ia 
B substance of the kind which possesses greateror less degrees 
of elasticty. Glass, ivory, marble, and steel, are among the 
most elastic substances of any with which we are acquainted. 
Two masses of lead, or earth, when struck together, scarcely 
rebound at all, and are therefore non-elastic. Air, when com- 
pressed, restores itself with a force equal to ihat which com- 
presses it, and is therefore perfectly elastic ; but most of the 
other elastic substances above mentioned, possess this proper- 
ty in an imperfect degree only. 

In the experiments mentioned in Art. 47, the impiguing bodies 
are supposed to be non-elastic. 

49. In the collision ofperfncily elastic bodies, the vdocily lost 
by the one and gained by (he other, is twicb that tahich it mruld 
Kaw been, had they been perfectly non-elastic. 

Let us take the case of two equal bodies, as two ivory balls, 
supposing each to be perfectly elastic, and caHing one A and 
the other B. First, let A overtake B moving in the same di- 
rection i then B will move off with the original velocity of A, 
and A will move with that of B ; that is, the two will intei^ 
change their velocities. Secondly, let the two bodies meet 
from opposite directions : each will return with the original 
velocity of the other. Thirdly, let A strike upon B at rest ; then 
A will slop, and B will proceed with ihe motion A had before. 
Again, let us take the case of a raio of equal elastic bodies, as 
A B C D E X 

--'■ O OOCXX) o 

A will communicate its motion to B and stop ; and thus each 
of the bodies will successively transmit its motion to the next 
body and be brought to rest, while the last body, X, will move 
olTwith the original velocity of A. 

Vhen iitbndy (aid tobretaiUcf When ptrfeclly etailicf Enam- 
plei of elaiiic hodies. Alio or non-eliBiic. Siuie Iba proposiilon 
leapcdlne the collbinn of two pcrfecil3< eliBtic bodici. Cmg ' - 
aqual bodlu, A ovcrtsklng B moving -' ^ . 
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50. It is a general law in the material word, that no hody 
loses motion in any direction, without communicating an equsd 
quantity to other bodies in that same direction ; and conversely, 
tiiat no body acquires motion in any direction, without dimin- 
ishing the motion of other bodies by an equal quantity, in the 
same direction. 

This law of motion applies not only to the impact of bodies, 
but to every case in which one body acts upon another. It 
holds good, not only when bodies come into actual contact, but 
when they act upon one another at any distance whatever. A 
body A, for instance, is sustained by another body B, and both 
bodies remain at rest ; if the pressure exerted by the two bodies 
were not equal, it is evident that some motion would ensue ; 
which is contrary to the supposition. If motion does ensue, 
then the case becomes, in a great measure, analogous to that of 
i$npact ; and the effects produced, estimated in a similar man- 
ner, are found to observe the same law. The mutual attrae* 
tions of bodies are also subject to this law. Thus if two equal 
magnets, connected with two equal and similar pieces of cork, 
be made to float upon the surface of water, as soon as they 
eome within the sphere of attraction, they are observed to move 
towards each other in a right line, with equal velocities, and 
consequently with equal momenta ; and as the resistance which 
each body meets with from the fluid, is evidently the same, we 
infer that their actions upon each other are equal. 

t51. Hence it follows, that the sum of the motions of all the 
lies in the world, estimated in one and the same line of direo 
tion^ and always the same way, is eternally and invariably the 
same. Whatever motion, therefore, one body receives towards 
another, whether it is drawn towards it by attraction, or by a 
rope, or by any other method, precisely the same quantity of 
motion it imparts to the other body in the opposite direction. 
If a man in a boat pulls at a rope attached to another boat of 
equal weight, the boats will move towards each other with equal 
velocities ; but a man in a boat pulling a rope attached to 
a large ship seems only to noove the boat, but he really moves 
the ship a little, although its velocity is as much less than that 
of the boat as its weight is greater. A pound of lead and the 
earth attract each other with equal forces, and the two bodies 
approach each other with equal momenta. (See Art. 8.) 

u 

Is the law of action and reaction confined to cases of impact ? How. 
•lemplified in pressure— in mutual attractions? What is the sumoC 
tiM motions of all bodies in the universe estimated \u oive «av^ V^v^ %^\fi% 
hag of dJreciJoa ? Ctise of a boa t and a ship^-of a pouud ol\«^<^ ^"o^ ^^ 
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52. Since momentum is proportioned to the joint product of 
the Telocity and quantity of matter, a great momentum may be 
obtained, either by giving a slow motion to a great mass, or a 
Bwift motion to a small body. A striking illustration of this is 
afforded by example 4. p. 20, where, on the auppoBitton that a 
grain of light moving with its usual velocity, were to impinge 
directly against a mass of ice floating at its ordinary slow rate, 
the grain of light would be competent to stop about sixty five 
tons of ice. Islands of ice move with such vast momentum, 
that ihey instantly demolish the largest ship of war if it comes 
in their way. 

53. If a body tn motion strikes a body at rest, the striking 
body must sustain as great a shock from the collision as if it 
had been al rest, and struck by the other body with the same 
force. For the loss of force which it sustains in one direction, 
is an effect of the same kind as if, being at rest, it had received 
as much force in the opposite direction. If a man walking 
rapidly, or running, encounters another standing still, heiuffers 
as much from the collision aslhs man against whom he strikes- 
When two bodies moving in opposite directions meet, each 
body sustains as great a shock as if, being at rest, it had been 
struck by the other body with the united forces of both. For 
this reason, two persons walking in opposite directions, receive 
from their encounter a more violent shock than miglit be ex- 
pected. If they be of nearly equal weight, and one be walk- 
ing at the rale of three and the otlier of four miles an hour, 
each sustains the same shock as if he had been at rest, and 
struck by the other running at the rale of seven miles an hour. 
This principle accounts for the destructive efi'ects arising from 
ships running foul of each other at sea. If two ships of 500 
Ions burden encounter each other, sailing at ten knots an hour, 
each sustains the shock which, being at rest, it would receive 
from a vessel of 1000 tons burden sailing ten knots an hour. 
It is a mistake to suppose, that when a large and a small body 
encounief each other, the smaller body receives a greater shock 
than the larger. The shock which they sustain is the same ; 
but the larger body is better able to bear it. When the fist of a 
pugilist strikes the body of his antagonist, it sustains as great a 
shock as it gives ; but the part being more fitted to receive the 
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blow, the injury and pain are inflicted on his opponent This 
is not the case, however, when fist meets fist. Then the parts 
in collision are equally sensitive and vulnerable, and the effect 
is aggravated by both having approached each other with great 
force*. The effect of the blow is the same as though one fist, 
being held at rest, were struck with the combined force of both.* 

54. The question may be asked, why are the effects so much 
more injurious to fall from an eminence upon a naked rock, than 
upon a bed of down ? In both instances our fall is arrested, 
and we sustain a contrary and equal reaction ; yet in the one 
case we might suffer hardly any injury, while in the other, we 
should be bruised to death. The reason of the difference is 
this : when we fall on a bed of down, the resistance is applied 
gradually ; when we fall on a rock it is applied instantaneously. 
We do not strike the bed with the same force that we do the 
rock ; we move along with the bed, and of course do not lose 
our motion at once, and we receive in the opposite direction 
merely what we lose. A violent blow, if equally diffused over 
the human body, may be sustained without injury. Thus, if 
an anvil be laid on the breast, a man may receive on it a heavy 
blow with a great hammer with impunity. 

b5» There are many instances where action and reaction 
mutually destroy each other, and no motion results. Thus, 
when a child stands in a boat and pulls by a rope attached to 
the stem, he labors in vain to make the boat advance. Dr. 
Amott tells us of a man who attached a large bellows to 
the hinder part of his boat, with the view of manufacturing a 
breeze for himself, being ignorant that the reaction would ear- 
ly the boat backward as much as the impulse of artificial wind 
carried it forward. A force which begins and ends with a 
machine has no power to move it. 

66. The three Laws of motion, which, on account of their 
extensive application to the phenomena of motion, we have en- 
deavored to render familiar to the learner by a variety of illus- 
trations, are to be regarded as the fundamental principles of 
mechanics. Their truth rests on three different kinds of evi- 
dence: 

Why are the effects so rauch more injurious to fall upon a naked rock 
than upon a bed of down ? Case of a violent blow diffused over ihe 
whole bNody. Examples, where action and reaction mutually deatroyeach 
other. Upon what three kinds of evidence rests the truth of the threa 
laws of Motion? 

'Laidner. 
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1. They are conforniBble to all tTperience and ohsernation- 

2. They are confirmed by various accurate experimenls. 

^3. The conclusionB deduced from them have always proT^^H 
true ill fact, without exuepiion. <^H 

CHAPTER IV. ^M 

OF VARIABLE MOTrON. ^^1 
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57. When a moving body is subjected to the energy of a 
force which acts on it without iniemiption, but in a different 
manner at each instant, the moiioa is called in general variable 
motiorr. We have instances of variable motion in the aclioD 
of gunpnwdsr on a ball while it is passing through the barrel of 
B gun, and in the action of the wind on the sails of a ship. In 
each of these cases, the velocity of the moving body is con- 
stantly augmented, yet the degree of augmentation is diminish- 
ing until it finally ceases. 

When a moving body receives each successive instant the 
same increase of velocily,it isaaidio heunifarmiy accelerated. 
If a amall wheel were revolving without resistance, and, at the 
end of every second, I should apply a given impulse, the wheel 
would be uniformly accelerated ; for, by its own inertia, it would 
retain all its previous motion, and, by ihe second law of motion, 
the repetition of the same force, at equal intervals, would in- 
crease its velocity at a uniform rate. If the intervals at which 
this force was repeated were indefinitely diminished, the same 
kind of effect would take place ; and tlie same would evidently 
be the cv&e, were the force to operate without cessation. Such 
a force is that of gravity, the consideration of which will be 
pursued in the following sections. ^_ 

FaUing Bodies. ^H 

5S. In consequence of gravity, all bodies near the e&r& 
fall towards its center. We are not to infer from this fact, that 
there is any peculiar force, (like that of a large magnet for 
example,) residing at the center, but merely that the effect 

[Icine Variable Mation. Eiaiiiplek, in a muskel ball— in Ihe action nt 
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orihe earth, taken as a whole, is the 
same as though its matter were con- 
densed into the center. Thus in 
Fig. 7, if we consider how a body at A 
would be attracted towards the earth, 
recollecting that every particle of mat- 
ter in the earth exerts its share in the ef- 
fect, we shall perceive that while the 
matter on one side would attract it to the 
right of the line AB, the matter on the 
other side would attract it to the left of the 
same line ; consequently, both together 
would carry it directly forward in the 
line AB towards the center ; and the 
same would be true were the body A placed in any other point 
exterior to the earth. 

The leading truths respecting falling bodies will be stated in 
the form of propositions, which the learner is requested to com- 
mit accurately to memory. The illustrations subjoined to each, 
will, it is believed, render perfectly intelligible whatever may 
not be folly understood from the proposition as enunciated. 

59. I. The spaces described by bodies falling from a state of 
rest under the influence of gravity, are proportioned to the squares 
OF THE TIMES, during which they are falling. 

Thus, if a body be let fall from the top of a tower, or from the 
brow of a precipice, it will fall in two seconds not merely twice 
as far as in one second, hni four times as far ; in three seconds 
nine times as far ; in ten seconds one hundred times as far ; and 
10 on, the spaces being proportioned, not simply to the times 
1, 2, 3, and 10, but to their squares, 1, 4, 9, and 100. 

It is found by actual experiment that the space through which 
a body falls in one second from a state of rest, is 16^ feet 
Hence, it is easy to estimate the space corresponding to any 
other time ; for the space belonging to two seconds must be 
4x 16^, or 64^ feet ; to three seconds, 9 X 1 6^^, or 144f feet ; 
and to ten seconds, 100 X 1 6^, or 1608^ feet. To find the 
number of feet therefore, through which a body falls, the time 
being known, we have the following Rule. Multiply th$ 
square of the number of seconds by 1&]^, 



State the proposition respecting the reiation between the tpaet$ and 
lanes. How much farther will a body fail In two seconds thviVL ivkcvcA^ 
Give ferule for the number offset through which n bod^ t«L>\% Vel ^^^tv^ 
time. 
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Ex. A body has been railing 7 seconds : ihroiigli whal space 
haa it fallen \ Ans. 788^. 

I fiO. A body descending b)' gravity is in ihe same situation as 
\ a bail rolleJ on smooth ice, which should receive a new impulse 
' every moment. Retaining all its previous motion and receiving 
ni(we continually, its speed would shortly become very great; 
-&nd were these new accessions of velocity without intermission 
and uniform (as is actually the case with gravity) tJie velocity 
acquired would be proportioned to the time the ball had been 
moving ; so that at the end of two seconds il would be twice as 
great as at the end of one second ; at the end of Xsa seconds 
ten limes as great ; and so on. 

61. It appears from the foregoing principle, that the progress 
of a falling body is rapidly accelerated. In nature, however, 
the resistance of the air prevents a body which falls through it, 
ftwa acquiring so great a velocity as it would otherwise do ; 
still we see indications of the principle of acceleration, in the 
impetuosity with which bodies fall from any considemble height 
above the earth. Meteonc stones falling from the sky, some- 
times bury themselves deep in the ground. Aeronauts that have 
fallen from balloons have been dashed in pieces. It is, how- 
ever, a rare occurrence to see a body falling from any great 
height perpetidicatarti/ ; most instances of accelerated motion 
which come under our observation, are bodies faUing down 
inclined planes, where the same law of acceleration prevails. 
A fragment of rock descending from the side of a mountain, 
has its speed augmented as it goes, until its momentum be- 
comes irresistible, and large trees are prostrated before it. 

68. II. If a body after il Iras fallen from rest, through any 
space, should then cease to receive onyfaTtlier impulse from gravis 
ty, but should proceed on uniformly with the last acquired veloci- 
ty, il mould describe TWICE the space in the same lime as that 
during tehieh it has fallen to acquire that velocity. 

Thus, at the end of one second, having fallen I6J5 feet, it 
would have acquired a velocity which, in the next second. 
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would cairy it 32|^ feet ; at the end offmr sepoods, its space 
being (4^ X l^i^=) ^^^h ^^ would, without any farther impulse 
descend during the next four seconds 514f feet* 

63. III. The spaces described hy faiUng bodies are alsoprth 
portioned to the squares of the wlocities which they acquire ni 
falling over those spaces, 

Ex. 1. Through what space must a body fall to acquire 
a velocity of 60 feet per second ? In falling firom rest 16^ 
feet a body acquires a velocity of 32^ feet ; therefore, the 
# square of the velocity acquired, that is, the square of 32^, will 
bear the same ratio to its space, namely 16^ feet, that the 
square of 60 bears to the space required; that is, (32^)^:16^^: : 
(60)3 ; 55.96 feet. Ans. 

Since (32^)2=(2 x 16^)2=:.22 x 16^X 16^-, by dividing 
the two first terms by ley^j we have 2^x163^: 1, that is» 
64^ : 1 ; hence to find the space firom the velocity, we derive 
the following 

Rule : Divide the square of the velocity by 64 J. 

Ex. 2. From what height must a body fall to acquire a velo- 
city of 50 feet per second ? Ans. 3d.86 feet. 

Ex. 3. What velocity would a body acquire by falling 500 
feet ? y2 

By the Rule.— y=500; hence V > =500 X 644=32 166f» 
64^ 

therefore V= V 32 166f =179.35 feet per second. 

64. As in the descent of a body, the force of gravity gene- 
rates equal increments in equal times, so in its ascent, equal 
portions of velocity will be destroyed in equal times; that is, 
as a body is uniformly accelerated as it falls, so it is uniformly 
retarded as it rises. Hence, 

ISf.Ifa body he projected perpendicularly upwards ^ with the 
velocity which it has acquired in falling from any height, it wiU 
rise to the height from which it fell, before it begins to descend 
again. It will also occupy the same time in rising as in falling. 

Ex. 1. To what height will a body rise, when projected 
perpendicularly upwards with a velocity of 120 feet per second ? 

How far would it move the second second with the velocity acquired 
daring the first ? How far in 4 seconds, having fallen 4 ? Sv^X* vVi^ ^*\%.^ 
Ooa heiween the ttpaces And the acquired velocities. 0*\H^ X^* ™^ w 
Atdiag the Bpace from the acquired velocity. 
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As it will rise to the same height as that from which it mtiBt 
kave fallen to acquire this velocity, we have only to Hod this 



Ex. 2. How high will a body rise when thrown perpendici^ 
larly upwards with a velocity of 100 feet per second 1 Am. 
155,4 feet. 

65. The law of descent of falling bodies, as enunciated in 
proposition!., (Art. 59.) goes on the supposition that the body 
begins its descent from a slate of rest, and that ii aderwards 
receives no impulse from any force beside gravity ; but we 
may have occasion to estimate the motion of a falling body 
which receives, either at first or during its descent, an impulse 
from some extraneous force. In this case we must add the 
amountof the impulse to the ordinary force of gravity, as ex- 
pressed in the following proposition. 

V. The space described in a given time by a body prqjectei 
iovmwards viilh a given velocity, is cqui^ to the space which would 
be described mth that vehetty eontinueduniformly for that time, to- 
gether with the space through tehick a body would fall frott\ tsA 
by the action of gravity Jot the same lime. 

Ex. 1. A ho6y is projected downwards with the velocity of 
30 feet in a second : how far will it fall in 4 seconds 1 

First, by a uniform motion of 30 feel foe four seconds, \he 
body would describe 120 feet. 

Secondly, by gravity it would, in the same time de- 
Bcrihe 257^ 

■ Hence, the entire space is - - ■ 377i feet. 

Ex. 2. A body after falling 3 seconds passes by a wmdow 
in a tower, from which a person standing in the tower, gives it 
a blow downwards, which increases its velocity 20 feet per 
second, after which it falls during 2 seconds more, atid then 
reaches the ground : what is the height from which it fell ? 
First, the descent by gravity for 5 seconds, is - 40aj^ feet 
Secondly, the uniform motion of 20 feet for 2 se- 
conds is ------- 40 

Whole space -..-.- 442.^ feet. 
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Ex. 3. Suppose a body to be projected downwards with m 
▼eloctiy of 1 7 feet per second : how far will it fall in 5 seconds ! 
Ads. 487^ feet. 

Q^€Stions on Fdlling Bodies. 

1. From a black cloud a flash of lightning was observed, 
and 12 seconds afterwards it began to rain : on the supposition 
that the rain began to descend on the instant of the flash, what 
was the height of the cloud? Ans. 3216 feet.* 

2. A body fell into a well which was 250 feet deep : How 
long wa$ it in falling, and what velocity did it acquire ? Ans. 
Tu7i«s=3.942 seconds ; 7e/oa7y= 126.82 feet per second. (See 
An. 63. Ex. 3.) 

3. Wishing to ascertain the diflerence i^ the depth of two 
wells, I dropped a pebble into one of them, and heard it strike 
the water in 6 seconds ; and then into the other, and heard it 
strike in 10 seconds ; what was the difference in their depths? 
Ans. 1029^ feet. 

4. A boy wishing to know the height of his kite, found thai 
he could just send an arrow to it, by giving to the arrow the ve* 
locity of 125 feet per second. What was ^e height of the kite ? 
Ans. 242.9 feet. 

5. From the top of a tower, a boy knocked his ball perpendic- 
ularly upwards. After 6 seconds it returned, when he gave it a 
blow downwards, which increasing its velocity 10 feet per se- 
cond. It reached the ground in 4 seconds after it received the 
downwards blow : what was the height of the tower ? Ana. 
623| feet. 

66. The laws of falling bodies are susceptible of very accu- 
rate experimental proof, by means of Atwood's Machine. (Art. 
32J Before the invention of this apparatus, there were two 
. difficnlties in the way of such a verification, namely, the MuIm 
(MI0 occupied in descending through such perpendictdar heighte 
as the experimenter can command, and the resistance oftheair^ 
nhich, when the velocity becomes great, acts as a powerfully 
retaidmg force. We can rarely command a perpendicular emi- 
nence of more than 400 feet, and yet the time of passing over 
this space is only about Ave seconds, a perioQ too short to en»> 
Ue us to mark distinctly the respective rates at which the suc- 
cessive intervals are described. Atwood's Machine aflbrds the 
Bieans of obviating both these difficulties, and of verifying the 

Bf what apparatus may the laws of falling bodies be ^eu&edi^. 
'JTtf aUowaneeknademfnUikiu oftkit kind teTCrii0t»«e «ili^i^ 
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laws of railing bodies with great accuracy. The object of the 
machine, so far as it respects experiments on falling bodies, ie to 
render ibe descent of bodies so gradual, that the relations be- 
tween the times and spaces can be accurately observed. By 
recurrence to the figure, and to the description given in Art. 33, 
ve shall readily see how this object is accomplished. The 
weights D and E are each equal lo 31J ounces, and of courae 
the quantity ofmaiierin both is 63 ounces. Now, since one of 
these weights rises as the other descends, the force of gravity- 
retards the one as much as it accelerates the other, and ihey are 
in effect the same as though they were entirely destitute of 
gravity. If a small weight, as one ounce, were let fkll freely 
from the top of the machine, it would fall through this small 
space almost in an instant, and we should be unable to mark the 
rate at which it passed over ihe successive portions of the scale 
FG ; but if it be laid oo the weight D, it must carry D along 
with it ; that is, it must make D descend, and £ ascend, and 
therefore the motion belonging to one ounce, will be distributed 
through 64 ounces, and the velocity retarded in the same ratio. 
Consequently, the weight D will descend only ^th part as fast 
as a body falling Ireely ; and as a body falling freely descends 
about 16 feet, or 192 inches in one second, the weight D will 
descend W^ 3 inches in the same time. The comparative 
progress ol this weight, and of a body falling freely for several 
successive seconds, will be seen in the following table. 



Time, m seconds. 


1 


2 


3 


4 


5 


6 


Body falling freely, in feel, 


16ft 


64| 


144i 


257-1- 


402J, 


579 


Do.m Atwood's Mach, in inc. 


3 


12 


37 


43 


75 


108 
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67. Hence il appears, thai in 6 seconds, while a body would 
fall freely through 579 feel, il would in the same time descend 
only 9 feel in Atwood's Machine But the latter is a uniformly 
accelerated velocity, and subject to the same laws as, the former, 
and it may therefore be emplojed lo in»estigale the laws of 
&liing bodies. The resuhs correspond remarkabl) with theo- 
ry, 80 that when the instrument is well constructed and man- 
aged skilfully, the descendnig weight clicks upon the stage or 
brass plate K, at the very instanl required 



HiBtisihe Dbjecl of Ihis machined Explain how il nnileis Uia 
lOdiesBOilnw. How far rioei ihe wdghl iktctnilin oneiseconil? 
lulil a body fall TceBlv fn G lecondB, Mid luiw tu duriff-thi 
'n Attvoad's Macluac : ^^^^^^^^^^^^^^^ 
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68. It 18 not alone bv the di- Fig. 3^ 
Tect fall of bodies that the gravi- p 
tation of the earth is manifested. ^ 
The curvilinear motion of bo- 
dies projected in directions dif- 
ferent from the perpendicular, is 
SI combination of the effects of 
the uniform velocity which has 
been given to the body by the 
impulse which it has received, 
and the accelerated or retarded 
velocity which it receives from 
the earth's attraction. Suppose 
a body placed at any point P 
(Fig. 8.) above the surface of 
the eartn, and let P A be the direction of the earth's center. P 
the body were allowed to move without receiving any impulse, i^ 
would descend to the earth in the direction of P A, with an ac- 
celerated motion. But suppose that at the moment of its depar- 
ture from P, it receives an impulse in the direction PB ; then it 
would fell towards the earth, between the actions of the two 
forces, in the curve line P D. The greater the velocity of pro- 
jection in the direction P B, the greater the sweep the curve will 
take. Thus it will successively take the forms P D, P E, P F, 
&c. untO, when the velocity of projection is increased to a cer- 
tain amount, the body will sweep quite clear of the earth, and 
like the moon revolve around it. Thus a cannon ball shot hori- 
zontally fW)m the top of a lolly mountain, would go three or four 
Biles. If there were no atmosphere to resist its motion, the 
same original velocity would catry it thirty or forty miles before 
it fell ; and if it coidd be despatched with about ten times the 
vriocity of a cannon shot, the centrifugal force would exactly 
balance the force of gravity, and the baU would go quite round 
die earth. Such a velocity would carry the ball round the 
world in less than an hour and a half.* 

69. Hence it is obvious, that the phenomenon of the revolu- 
tion of the moon round the earth, is nothing more tfian the 

combined effects of the earth's attraction, and the impulse 

^— ~- ■ .... . . ^. p —i 

How is graTity manifested in curvilinear motions ? Illustrate by 
igure 8. How fkr would a cannon ball proceed when shot from the top 
9i a high mountain if it were not for the resistance of the air? With 
how much greater velocity must the ball be fired to make it go quite 
nmnd the earth ? In what time would it perform the whole u^Ql\iV\»>V. 
By what forces does the mooa revolve about the eatth^ 

* 1 hanrt IS minutes, and SS teto&da. 

5 



which it received when launched into space by the hand of its 
Creator ; and were any of the heavenly bodies to explode, we 
may conceive that the fragmenta would proceed in a rectilinear 
direction, until approaching, aeverally, within the sphere of in- 
fluence of some large body, whose attraction would combine 
with their projectile force, they would forever afterwards con- 
tinue to revolve around that botly, as the satelliteu revolve 
around the primary planets. 

70. The attraction of gravitation is matiifested by compa- 
tatively small masses of natter. The effect of a high moun- 
tain is perceptible upon a plumb line, causing tt to deviate sen- 
sibly from a perpendicular, so that the same star near the ze- 
nith would change its apparent place when viewed on opposita 
sides of the mountain. ^ 



CHAPTER V. 7i 

OF COMPOSITION AND RESOLUTION OF MOTION. 

71. Simple motion is that which arises from the action of a 
siTiglt force ; compound motion is that which is produced by 
several forces acting in different directions. Strictly speak- 
ing, we have no example of a simple motion, since in the ab- 
solute motion of all bodies, their own proper motion is com- 
bined with that of the earth in its diurnal and annual revolu- 
tions, and we know not with how many others. In an enlarged 
sense therefore all motions are compound. But in the forego- 
ing distinctions we have reference only to relative motions, as 
those which take place among bodies on the earth. 

73. When a body is acted upon at the same time, by two or 
more forces, whose directions arc not in the same straight line, 
it is evident that il will deviate from the course in which.it 
Would have moved hy the single action of either of those forces, 
and will proceed in some intermediate direction. Let us first 
consider the case of a body acted upon by iwo forces. 

If I place a small ball at one of tlie comers of the table, and 
give it a snnp with my thumb and (inger, in a direction parallel 
to one edge of the table, it will of course move along that 
edge; orifl give ihe impulsewiih ihe t humb and finger of the 

Il the attrBCtlgn of grayiuiion manifeiieil hy comparaiiiffly (mall 
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odier hand, in the direction of the edge which is at right angles 
to the former, the ball will move along this edge ; but if I give 
both these impulses at the same moment, the ball will move 
diagonally across the table from corner to corner. If the force 
applied to each be accurately proportioned to the length of the 
eorresponding side of the table, (as it may be by means of 
springs fixed to the corner of the table,) the ball will reach the 
opposite comer in the same time^ as it would have taken it to 
describe either side separately. This fact is generalized in 
the following fundamental proposition. 

73. Ttw impulses, which, when communicated separately/ to a 
hody, would make it descrihe the adjacent sides of a parallelogram 
wi a given time, will, when they are communicated at the same in-- 
stant, cause it to describe the diagonal in the same time ; and the 
motion in the diagonal will be uniform. 

This principle is called the parallelogram of forces. 

Suppose a body, pla- _ Fig. 9. 

ced at A (Fig. 9.), to be 
acted upon by two for- 
ces, one of which would 
cause it to move uni- 
formly over the line 
AB, and the other over 
the line AC in the same 
time ; then if both forces A B 

act at the same instant upon the body, it will by their joint ac- 
tion move uniformly over the diagonal AD, in the same time it 
would have taken to describe AB or AC by the forces acting 
separately. By the second law of motion, every force applied 
to a body produces the same change of motion as though it 
were the only force applied. Consequently the force applied 
m the direction of AC, will carry a body just as far towards 
Ae line CD as though the force which acts in the direction AB 
were not applied. In the same manner, by the other force it 
will be carried just as far towards BD as though there were no 
other force acting upon it. Hence, the body will be found both 
in the lines CD and DB, when acted upon by the two foroes 
conjointly, in the same time, that it would reach those lines res* 




State the fundamental proposition respecting the composition of oio- 
tioo. Explain the foregoing proposition by figure 9. What is this prin- 
ciple called f When a body would describe two sides of a triangle uo^ 
w two (brces acting separately, what line will it de^cnVte uikd«\ v«^ i^tr^ 
•M ueliag simultAoeouily ? 
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peclively if acted on by each force separately. Being there- 
fore at the end of this time in both the lines, il must he al their 
inters ectioD, that is, at the point D. 

74. Since Afi is equal to CD and parallel to it, the two 
forces may he considered as acting in the direction of the two 
aides AC and CD of the triangle ACD ; and heace when a 
body mould describe the two sides of a triangle by two farces act- 
ing separaUly, it ibUI in t/te same time, describe She third side by 
the fwo forces acting jointly. 

The motion which is produced by the action of (wo or more 
forces is called the resultant. Thus the diagonal AD, repre- 
aenis the resultant of the two forces represented by AB and CD. 

75. We daily observe examples strikingly illustrative of the 
principle jusi explained. In crossing a river, the boatman 
heads up the stream, and so combines the direction of the boat 
with that of the current, as to mD^e directly across in a line 
which is the diagonal between the two directions ; or he de- 
Bcribes the third side of a triangle by the action of two forces 
which would severally carry him over the oilier two sides. 
Rowing, swimming, and flying are severally instances of motion 
in the diagonal between two forces. In feats of horsemanship, 
when the rider leaps up from the saddle, we ace surprised not 
to see the horse pass from under him ; but he retains the mo- 
tion he has in common with the horse, and does not in fact ascend 
perpendicularly, but obliquely, rising in one diagonal and fall- 
ing in another. Two men in a boat under rapid sail sitting on 
opposite sides and tossing the ball from one to the other, catch 
the ball in the same manner as though ihey were at rest. 
While, indeed, the ball is crossing the boat, the opposite man 
advances ; but the hall also participating in the same common 
motion of the boat, advances mean-while in the same manner, 
and in reaching the other side, aclnally moves diagonally, with 
respect to the eurrouuding space, though with respect to the 
boat its motion is directly across. A body let fail froin the top 
of a mast, when the ship is under sail, falls along down the 
tnasl and strikes at its foot In the same manner as though the 
ghip were at rest, partaking of the common motion of the ship, 
and therefore describing a diagonal between this forward direc- 
tion and that of gravity. 
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The bow and arroiv af- 
fords an example of a body 
Dwving in the diagonal of a 
parallelogTBin under the ac- 
tion of two forces. Let 
CED (Fig. 10.) be a bow, 
'which is stretched by the 
•tring CGD, the arrow be- 
ing applied at the middle 
point G. Then, as the ten- 
dency of the bow lo spring 
bick is the same on each 
■ide, consequently the for- 
ces acting in the direction of 
GC and GD are equal. Let 
them be represented by Gn 
lad Gm, and complete the paraDelogram Gn K m; then GK 
will be the resultant and will represent the actual force by 
which the arrow is propelled. GK is evidently greater the 
more the bow is bent, which accords with experience. 

In the ^hl of a bird we ^'i- "■ 

recognize the same princi- 
ple^ The bird strikes the 
air in the directions AD 
and BD, (Fig. 11.) and the 
reaction of the air strikes 
the wings in Uie direction 
DA and DB. Taking DE 
and DF to represent these 
two equal Ibrces and c 
feting the parallelogram, 
DG represents the continu- 
ed effect of both, or that 
brce under which the bird 
moves, It will be seen that 
ths diagonal DG is greater 
u the angle at D is more D 

acute, and consequently that the effect of the blows is greatest 
when they are most direct, that is, most nearly parallel lo the 
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path in which the hird is flying. The force of ihe blows, 
therefure, is greatest at first, and decreases as tlie wing ap- 
proaches the hody. If the wing were of the siirae shape 
on hoth aides, before and behind, and if it returned in the same 
line, llien it would lose as much in one direction as it gained 
in the other, and the bird would remain ai rest. But the 
wing opens lo give the blow, and then closes up and returns 
on its edge. Sieamboais have sometimes been constructed 
with paddles, instead of wheels, which like the wings of a. 
bird presented their broad side lo the water in giving the blow, 
but returned on their edge. A skilful rower manages his oar 
on the same principle. 

It ia also evident from the figure, that if the force D F were 
Buapended, DE would turn the bird round in the direction ABD. 
We here see the manner in which birds turn themselves or 
change their course of direction ; and a steamboat, in a similar 
manner, turns about or changes her course by either aufTering 
one wheel to remain at rest while the other conlinuea acting, or 
by rendering the velocity of the two wheels unequaL 

76, If a body he impelled by any number of forces aihieh, act- 
ing separately, vmuld, in a given tiine, make it describe all the 
sides of a polygon, except the last side, vhen all ikese forces 
act ai the same tnstant, the body will be made to describe the re- 
maining side in the same time. 

This principle is called the polygon offerees. 

Thus in Fig. 12, a body b 

placed at A, and acted on 
by Iwo forces represented 
in quantity and direction 
by AB and BC, would des- 
cribe the side AC. There- 
fore, AC may be taken as 
the equivalent of those two 
forces, or as the represen- 
tative of a force equal to 
them both, and producing 
precisely the same effects 
aa they would do. For 
the same reason, the two 

Wliy U nai the maiinn gained 
Explain Ihe pclneipleon which i 

a steamboat. Stale Ihe propoiition rtspecliog "the po/ygon 
Jlluslrata bjr 6gare 12- 
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forces AC and CD would cause the body to describe AD ; and 
AD, therefore, represents a force equivalent to. the three forces 
AB, BC, CD, and may be substituted for them ; and, in like 
mtimer, A£ may be substituted for AD and DE. Therefore 
under the action of the several forces AB, BC, CD, and DE, 
the body would describe the last side A£. 

77. If the number of forces were equal, in quantity and di- 
rection, to df/ the sides of the polygon, then the body would re" 
main at rest under their joint action. For the forces acting in 
the direction of AE, would in this case be exactly balanced by 
those acting in the direction of EA. 

Thus AC would be the resultant of AB and BC ; AD that 
of AB, BC, and CD; and AE that of AB, BC, CD and DE ; 
consequently the forces represented by these four lines, if act- 
ing together, would unitedly produce a force equal to AE, and 
would therefore be balanced by a single force acting in the di- 
rection EA. 



D 




78. A given motion ^*8- ^^* 
may be considered as 
caused by two, three, 
or any number of forces, 
as will be evident from 
the following figure. 
AB will represent a 
motion resulting either A 
from the combined ac- 
tion of forces represen- 
ted in quantity and di- 
rection, by AD and DB, 
or from AC and CB, or 

from the sides of vari- f E 

ous other triangles of which AB may be considered as the third 
side. In the same manner, any one side of the polygon, (Fig. 
12.) may be considered as the representative of a motion pro- 
duced by forces corresponding to all the other sides of the figure. 

79. A given force may be resolved into an unlimited number 
of others, acting in all possible directions. 

Thus (FiJB3.) AD and DB, or AC and CB may be substi- 
tuted for Al^Bepresenting forces which are equivalent to that 
represented Iql AB ; and any force represented by one side of 

How max a given motion be considered as caused i AWuvXx^M^ \i^ 
.^gan IX Mow jDjf Mnjr one tide o/a polygoobe conftideied iA^tQ^>i<u&^ 
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MECHANICS. 

Ihe polygon (Fig. 13.) may be resolved into forces correspond- 
ing to all the oiher sides, the united effect of which is only 
tqual to that of this side. 

The sailing of a ship affords an instructive illustration of the 
principles of the composition and resolution of motion. To 
one unacquainted with these principles, it is apt to appear mys- 
terious that a ship is able to sail with a wind partly ahead, and 
Biill more that two ships are able to sail in exactly opposite di- 
rections by the same wind. Let us see how this lakes place. 

Let AB (Fig. 14.) flE.'^l- 

represent the keel of 
a ship, and CD the 
sail ; and let the wind 
come in from the side, 
in the direction of HD. 
Let DE repreaenl the 
whole force of the 
wind, and resolve it in- 1 
to two forces, viz. into 
EF perpendicular, and 
FD parallel to the sail 
DC. Thenitismani- 
fest that £F alone re- 
presents the effective 
force of the wind upon 
the sail. But EF is u 

not wholly employed in urging the ship forward, 
liqueloher course ; therefore, again resolve EF i 
lei with the course and GE at right angles with 
represented by GE is lost by the lateral 
ter, or is counteracted by the helm, while FG i 
propelling the ship on her way. 

By inspecting Fig. 14. it will readily be ae 
ship may sail in the opposite direction by the sa 
the sail is raised on the left side when the ship 
way, and on the right side when it is heading the other way. 
When the wind strikes the sail at right angles, only one resolu- 
tion is necessary ; for if FE represents the whole force of the 
wind, FG will represent the force which propels the ship for- 
ward, wliile GE will represent the part whichis lost by the 
lateral resistance of the water. * 
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80. Since, leadTiiig the fince of the wind after the fOTegoing 
maimer, the effectiTe part of the force, viz. FG, will not wholly 
disappear mitil the wind is directly ahead, it might seem possi* 
Ue to sail mnch nearer the wind than is found to he actually 
pncticaUe. But though on account of the peculiar shape o£ 
Teasels, the forward resistance is much less than the lateral, yet 
it 18 someikmg^ and therefore requires more or less of the force 
fliat acts parallel to the keel to overcome it. 

81. A body acted upon at the same time by three forces^ repre^ 
sented m quantity and direction by the three sides of a triangle 
taken in order ^ {or by lines parallel to these) toUl remain at rest. 

This principle is call the triangle of forces. 

Since AD (Fig, 9.) represents a force which is equivalent to 
those corresponding to the two sides AC, CD, if upon a body 
jAsLced at A, two such forces were to act while a third force cor* 
responding to the side DA wera to act upon it in the direction 
DA, the body being acted upon by two opposite and equal forces 
would remain at rest.* 

82. A kite at rest in the air is commonly mentioned as an 
example of this, the three forces being, the direction of the 
wind, the weight of the kite, and the action of the string. Let 
AB be a kite, held by the siring AS. Let DF represent the 

i 

Fig. 15. 




force of the wind blowing horizontally, and resolve it into two 
forces, viz. DC perpendicular, and CF parallel to the kite. 

Why Gftonot a ship rail closer to the wind than a certain angle ? 
State the proposition respecting the triangle of forces. Illustrate by 
fgura 9. Example, in a kite at rest. Illustrate by figure 16. 



* The HumApeetMiepnoegfy npreseoted by AC and AB «»»-. . 
<Pib^e m lW4mi # egiM/toilJS,MJinay therefore be sabstiUtedt^^ 
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Then DC will be the only effective part of ihewind, since thai 
pan which acts parallel to the kite, can have no inflnence on ila 
motions. Again, reaolve CD into two forces, namely, CE per- 
pendicular and DE parallel to the horizon. Then CE will re- 
present the upward forte of the wind, and DE ita force in a 
horizontal direction. Now when the string AS makes such an 
angle with the kite that ila downward force AG, added lo the 
weight of the kite, shall equal CE, andilshorizonial force HG 
ahall equal DE, the kite will be at rest. 

83. When txno motions which are not in Hie si 
are combined, one of ichich is uniform 
the moving body describes a curve. 

Thus, (Fig. 16.) when a body isN 
thrown obliquely upwards in the di- 
rection of PN, the force of gravity 
will draw it continually away from 
that line towards the eartli ; and as 
gravity is a force which increaaes 
the motion of a falling body every 
instant, the body will at first recede 
slowly from the line PN, but more q ~^ 
and more rapidly as it advances, 
describing a curve whose deviation 
from the line of projection continu- 
ally increaaes, as POQ. Now, the 
spaces PM and PN, representing 
the uniform motion in the line of 
projection, are lo one another as the 
squares of the spaces MO and NQ which, being equal to PL and 
PV, represent the descent towards the earth. But a curve de- 
scribed between two forces hearing this relation to each other, 
is known to be the curve called a parabola, being one of the 
curves which result from the sections of a cone. The parabola, 
therefore, is the curve belonging lo all bodies projected from 
the earth into the atmosphere, as is seen when asioneis thrown 
upwards, or a fluid spouEs obliquely. Forces differently pro- 
portioned to each other, describe different curves, as circles, 
ellipses, iic. Thus, the planets revolve round the sun in ellip- 
ses, between the force of projection and that 
wards the central luminary. ^^ 
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CHAPTER VI. 
OF THE CENTER OF GRAVITY. 

84. The center of gravity of a body is that point, about which, 
^supported, all the parts of a body [acted upon only by the force 
rf gravity) would balance each other in any position. Thus, a 
sts^ poised across the finger, rests only when the finger is un- 
der the center of gravity. 

The principles which have been discovered respecting the 
Gomposition and resolution of forces, and respecting the center 
of gravity, have alike contributed greatly to simplify the doc- 
trines of Mechanics. It is characteristic of a great and pene- 
trating mind, to devise means of divesting intricate subjects of 
their complexity, and thus to bring easily within the grasp of the 
mind, subjects otherwise too much involved to be within its 
comprehension. By the rule of simple multiplication, we easi- 
ly multiply any number by one thousand : indeed, it is nothing 
more than to annex three cyphers to the number itself; but how 
tedious would be this process, were the mle of multiplication 
undiscovered, and we were unacquainted with any other method 
of arriving at the result, except to add the given number to itself 
one thousand times. In like manner, by means of the rules for 
the composition of motion, we are enabled to reduce a thousand 
different motions to one ; and by the doctrine of the center of 
gravity we are taught how we may make a force, situated at 
one single point, equivalent to an infinite number of forces, 
situated in as many different points ; and, instead of pursuing 
the endless diversities of motion to which the different parts of 
a complicated system of bodies may be subject, we are taught 
how to follow merely the motions of a single individual point* 

85. In regular plane figures, such as squares, parallelograms, 
tMes, fyc the center of gravity is the same with the center of the 
fyttre. Lines drawn in the following figures bisecting the op- 
posite sides, also bisect each other in the center of the figure, 
lad divide the whole figure into four equal parts. When the 
figure rests on G, every two of these opposite parts act against 
each other, and being equal, exactly balance one another. The 
same is true of such regular solid figures as a cube, a sphere, a 
cylinder, &c. 

Define the center of gravity. Give an example— of what use are th« 
doctrine! of the composition nnd resolution of forces, and of ttie center of 
fimvity f Illustrate by a case of multiplicatioa. Wh«ra\ttb^« c«^\«i^l 
pnity in Mwgu)aipJaae £gun»^ 
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86. To find ihe center of gravity iy experimeni, several dif- 
ferent meibods present themselves. We will first suppose the 
ixidy to he io the shape of a piece of board, of uniform thick- 
ness. Suspend it by one corner, and from the same comer 
let fall a plumb line, and mark its line of direction on the sur- 
face of the board. Suspend the board from any other point, 
and mark the line of direction of the plumb line as before, and 
the point where these lines intersect each other, must obviously 
be the center of gravity, since that center is in both of the lines. 

87. But when the body is not of uniform thickness, hut is 
any irregular solid, suspend the body by a thread, and let a small 
hole be bored through it, in the exact direction of the thread, so 
that if the thread were continued below the point where it is at- 
tached to the body, it would pass through this hole. The body 
being successively suspended by several diiferent points in iia 
aurface, let as many small holes be bored through it in the same 
manner. If ihe body be then cut through, so as to discover the 
directions which the several holes have taken, they will be all 
found to cross each other at one point within the body. Or the 
same fact may be discovered thus : a wire which nearly fills 
the holes being passed through anyoneof them, it will befoimd 
U) intercept the passage of a similarwire through any other. 



88. A convenient method of finding the center of gravity of 
a body is, to balance it in different positions across a thin edgn, as 
the edge of a knife or a prism. The same thing may be efiect- 
ed, when the shape of the body will admit of it, by laying it on 
the edge of a table, and letting so much of it project over the 
edge, that the slightest disturbance will cause it to fall. The 
center of gravity is the point in which the several lines marked 
on the body, where the edge cuts it, intersect one another. From 
some or all of the foregoing trials, the center of gravity of 
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bodies may be nearly ascertained ; but in order to find it with 
absoliAe exactness, we are frequently obliged to resort to intri- 
cate mathematical processes. 

Bjr whatever method the center of gravity of a body has 
been ascertained, we shall find that when that is supported, tlie 
body will remain at rest in every position. Thus a globe will 
ttai^ securely on a very small perpendicular support, since 
that support will necessarily be under the center of gravity ; a 
lever, as the beam of a balance, poised on its center of gravity, 
will be at rest in every position it takes while turning round the 
fulcrum, and however irregular the body may be, it will, when 
balanced on its center of gravity, obstinately maintain its position. 

89. We may find the distance of the common center of gravi- 
ty of any number of bodies from a given point, upon the fol- 
lowing principles. 

First, suppose the bodies have their centers of gravity in the 
same right line, as in figure 18, then the distance of the com- 

Fig. 18. 
A B C D 
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mon center of gravity of all the bodies from the point 0, will be 
found by multiplying each body into its distance from that point, 
md dividing by the sum of the bodies. Indeed, it is not essen- 
tial that the matter in question should even reside in one and 
the same right line, for this principle holds good for any number 
of separate bodies. In figure 18, A,B,C,D, are bodies of dif- 
erent weights connected together by a wire which is balanced 
on the center of gravity G. Now we may find the distance of 
G firom any point O in the same line, by multiplying A into 
AO, B, into BO, C into CO, and D into DO, and dividing the 
nun of these products by the sum of the bodies A,B,C and D. 

90. Secondly, suppose that the bodies are not in the same 
n|^t line, but are situated like a number of balls of different 
weights hanging at different distances from the ceiling of a room • 

Why does a globe stand firm on a narrow support? Case of a levar 
luiTing the center of^gravltj at the fulcrum, ^ow may we find the dis- 
tance of the common center of gravity of any number of bodies from 
a fit en point ? Example, in the distance of the ceuiei of ^i^iVV;} cA %»?) 
awnber of bodies &om the wuU of a room. 

6 . 
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Thus, we ma; find the distances oflheir common center of 
gravity from the perpendicular wall of a loaia, bi/ multiplying 
each body into its distance froin the wall, and dividing the sum 
of the products fry the sum of the bodies. 

01. When a body is supporttd by a prop placed under its cen- 
ter of gravilyt the pressure will be the same, whether the whole 
quantity of matter is uniformly diffused through the space occu- 
pied by the body, or whether iCis all concentrated in the center of 
gravity. 

In consequence of this law of the center of gravity, the rea- 
sonings on mechanical subjects are often greatly simpliiied. 
Thus, instead of estimating the pressure and other mechanical 
effects of a large body like the earth by considering the united 
efleccs of all its separate parts, we may often arrive at a far 
more simple conclusion by considering all the matter of the 
earth as residing in the center of gravity, and reasoning res- 
pecting il accordingly. When bodies that compose a system are 
in motion, their common center of gravity vnll move in tite same 
manner as if a body equal to the sum of the hodies were placed in 
that point, and the saine forces act on it as acted oti the bodies 
separately. 

92. Two weights or pressures acting at the extremities of an 
inflexible rod void of gravity, will be in equilibrium about a given 
point, when their distances from that point are to each other in- 
versely as those meights or pressures. 

Thus, (Fig. 19.) if a Fig. 19. 

weight of one pound, and , ~ 
another of ten pounds, 
coimected by a wire, 
balanced by laying the 
wire across a thin edge, it will be found that the smaller weight 
is ten times as far from the support, or fulcrum, as the larger 
veight is. 

93. Whatever he the form or dimensions of a body upon a 
plane parallel to the horizon, it will remain at rest, if the line 
drawn from its center of gravity perpendicular to the horizon 
falls within its base. 

What IB the cBeci nf auppaiiiig ihe mailer alJ concrnitatEd in tbe ccn- 

lerof gravilx? When a ijBieni at bodies ate in Riolioiin how doei Ibeir 

common center of gravity move ? How musHwo *e\(>i\» atv^in^M. the 

f»tdiof aniiiSeiible rod be situated wilta lespectiU^ViecBaXci of ff«,<i\t:i, 

fU oilier to be in equilibrium .' 



CENTER OF ORAVITT. 



59 



For let ABCD (Fig. 20.) represent the section of a body, 
passing through its center of gravity G, and draw GF perpen* 
dicolar to HO the plane tipon which it stands ; then, since the 
tendency of the body to descend is the same as if its whole 



Fig. 20. 
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weight were concentrated in G, it will rest or fall according as 
G is supported or not ; i. e. according as F falls within or vjith' 
cut the base BC ; moreover, the stability of the body will de« 
pend upon the distance at which the point F falls within the base. 

94« If a body be suspended from any point, it will not rest 
till the Une which joins the center of gravity and point of suspen* 
Mum is perpendicular to the horizon. 



For let ABCD (Fig. 21.) re- 
present the section of a body as 
before, G its ceater of gravity, 
8 the point of suspension ; join 
SG, and draw SOW perpendic- 
ular to the horizon ; produce SG 
to N, and draw GR parallel to 
SW ; then, since the weight of 
^e body may be considered as 
collected in G, its tendency to 
motkm will'be along the line GR. 
Let GR therefore represent this 
tendency, which resolve into GN 
in the direction SG, and RN, per- 
pendicular to it ; the part GN is 
counteracted by the reaction from 
the point of suspension S, and 
NR is employed in producing 



Fig. 21. 




In order that a body may stand firm on a horizontal base, bow must the 
lint drawn from the center of gravity perpendicularly to the horizon^ fall 
with retpBct to the base, ^ Illustrate by figure 20. If a. suv^^Tvdi^^X^cAt 
Mwiag fnelf ou a point, on coming to rest how \% xVi« Wne s\\>]i^\.«^ "wVCvcOl 
Joiot the aeater of gravity and point of tuspensioD ? U\uaXi«L\^ Vj tL^Mt^'^A-v 
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motion in lliedireclionorthe circular arc GOj G therefore 
conaequenlly theiocfy) will not remain at rest till NR 
i. e. liU the angle NGR(=OSG) vanishes, or SG coinci 
■with SO. 

95. When a body is auspended from a center of motion, and ' 
revolves around it, in a circle perpendicular to the horizon, 

it will be at rest only afien the cenler of gravity is either di- * 
Tcctty below, or directly above the center of motion. For it ia 
only in these two cases, that the center of gravity will be in 
the line which is drawn through the center of motion perpen- 
dicular to the horizon. The stationary point above the cen- 
ter of motion is very unstable, since the slightest disturhinj; 
force throws ihe body out of the line of direction, when, by the 
force of gravity, it immediately descends to the lowest point 
it can reach, and vibrates about i^at point until it finally set- 
ties itself with the center of gravity immediately under the 
point of suspension ; and whenever it is thrown out of this 
position, the same vibrations are renewed until it resumes it. 
When, therefore; the center of gravity is at the lowest point it 
is capable of reaching, the equilibrium is stable, since the body 
obstinately maintains thai position. On this principle, gatea 
which have their center of gravity raised as they are opened, 
shut spontaneously. 

96. The stability of a body not only requires that the center 
of gravity should be low, but that the line of direction, (or, dio 
line which is drawn through the cenler of gravity perpendicu- 
Jar to the horizon) should fall within the base. The farther it 
falls from the extremity m the base, the more stable is the posi- 
tion. Hence the stability of a pyramid when standing on its 
broad base, and its instability when inverted. For the same 
reason, all broad vessels, as steam boats, are difficult to upset, 
while vehicles with narrow bases are easily overturned. Whea 
a load is so situated as to raise the center of gravity, it in- 
creases the liability to upset, because it increases the facili- 
ty with which the hne of direction is thrown without the base. 
Thus carts loaded with hay, or bales of cotton, are very lia- 
ble to be overturned. The same is true of stages carrying 
passengers or baggage on the top. On the other hand, ai 

Whi'H n body awings Hiound b cenler o( motion in a cirds which li 
p«rp«ii(iicul»r to iha horiion, at wlial two poiiila will il nrnain si riul ? 
Which of Ibesc pninli is amble, nnil which uniUble ! Eiemplified In 
tales. CauDB oC. ihs siahilitj of a pytnniid ? ExRnrples, at structural, 
reartere'1 itab\e BB Ihe samv principle. What is the effect on the slabililT 
flf a 6o((/ produced by ralsinjlho cento! of yeViV-j i E«iTn\AM,"TO luaii. 
rffb'/,Slaeeg,tCc. 




CENTER OF GBiVlTT, 61' 

hrge ship welt supplied with ballast is capsized with great 
difficulty, since ilie center of gravity of all parts of the ship is 
ao low, as to rentier it difEcuU to throw the line of direction 
without tlie base. Yet if the center of gravity is very low, 
a ship will rock excessively in a rough sea, since the upper 
parts near the deck, move over a greater space in proportion 
aa their distance from ihe center of gravity is greater. 



the base, and the parts of thi 
among (hemselves to hold t 
The famous Leaning Tower 
of Pisa, was buih intention- 
ally inclining, to frighten and 
Burprise : with a height of 
one hundred and thirty feel, 
il overhangs its base sixieen 
feeu Yet since the lower 



1 



B of g 







siona than the tipper, and 
the walls thicker below than 
above, the center of gravity 
is so low that the line of di- 
rection falls far enough with- 
in the base to give the whole I 
structure sufficient stability, t 
while its apparent tendency | 
to fall greally enhances the 
eiDDlioa of the spectator 
from its summit. Many ancient spires and otlier tall stniclurea, 
are found to have lost something of their perpendicularity. 

98. Rocking stones are rocks which are sometimes found so 
enctly poised upon their center of gravity, that a very small 
force is sufficient to put them in motion. The rocking of 3 
bailoon when it begins to ascend, affords an illustration of the 
tendency of bodies to vibrate around the center of gravity, 

99. The motions nf animals are regulated in conformity with 
the doctrines of the center of gravity. A body is seen totter- 
ing in proportion as it lias great altitude and a narrow base ; but 
il is a peculiarity in man to be able to support hjs ligure with 
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great firmnesa, on a very narrow base, and nnder constznt 
changes of altitude. The faculty is acquired slowly, because 
of the difficulty. The great facility with which the young of 
quadrupeds walk, is ascribed to their broitd supporting base. 
Many of our most commOD motions and altitudes, depend for 
their ease and gracefulness, upon a proper adjustment of the 
center of gravity. The erect posture of a man carrying a load 
upon his head — leaning to one side when a heavy weight is 
carried in the opposite hand — leaning forward when a wei^t 
is on the back — or backwanl when the weight is before ; — 
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these are severally examples m point. When a man rises from 
his chair, he brings one foot back, and leans the body forward, 
in order to bring the center of gravity over the base ; and with- 
out adjusting it in this manner, it is hardly possible to rise. A 
man standing wilh hia heels close to a perpendicular wall, can- 
not benii forward sufficiently to pick up any object that lies on 
the ground near him, without himself falling forward. 

100. The art of rDpe or wire dancing, depends in a great de- 
gree upon a skilful adjustment of the center of gravity. The 
rope dancer frequently carries in his hand a slick loaded with 
lead, which he so manages as (o counterbalance the inclinations 
of hia body which would throw the line of direction out of the 

9e. Upon 3 similar principle the equestrian balances hint- 
If on one foot on a galloping horse. 

101. The vegetable creation is subject also lo these general 
laws of nature. Trees by the weight and height of their tops 
would seem peculiariy hable to fall ; but their roots afford a 

Explaio the moiioni of oninwlB incoiiformiij; wilb ihe dnttrinB of tba 
nter oigravilj. How is Iba Bitot tope oTwiie dancin^iBlaied lo Ibii 
iject? How if Ihe lame piincip\B iUua«aw4 \a<S« tmjivis* ol vim^^ 
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corresponding breadth of base, while their perpendicular trunks, 
and the symmetrical disposition of the branches, conspire to ' 
increase their stability. 

102. The position of the center of gravity of any number of 
separate bodies, is never altered by the muttial action of those 
bodies on each other. If, for example, two bodies, by mutual 
attraction, approach each other, the center of gravity remains at 
rest, until finally the bodies meet in this point. If, by their 
mutual action, they contribute to make each other revolve in 
orbits, it is around their common center of gravity. Thus the 
earth and moon revolve around a common center of gravity, 
which remains fixed : the same is true of the sun and all the 
bodies that compose the solar system. Were the centrifugal 
force to be suspended, and the bodies abandoned to the mutual 
action of each other, they would all meet in their common cen- 
ter of gravity. This naturally results from the principle that 
the momenta on opposite sides of the center of gravity are 
equal, and that bodies by their mutual action produce equal mo- 
menta in each other. 

103. The doctrines of the center of gravity, suggest the 
readiest method of solving a great number of practical problems. 
We annex a single example. 

Suppose three persons were carrying a stick of timber, (A 
by himself supporting one end, and B and C by a handspike 
Ming together towards the other end,) and it were required to 
determine at what distance from the end of the stick the hand- 
spike must be placed, in order that the three persons might bear 
equally. — A stick of timber being a body of regular shape and 
uniform density, has its center of gravity coincident with the 
center of magnitude. We may therefore proceed on the sup- 
position that the entire weight is collected in the center. Now 
m order that B and C may together lift twice as much as 
A, they must be twice as near the center. But the distance of 
A from the center is half the length of the stick ; therefore the 
distance of the required point from the center is one fourth the 
length of the stick, and consequently it is one fourth the same 
length from the end of the stick. To test this case by experi- 
ment, we might rest one end of the stick upon a support, and 
ascertain, by a pair of steelyards, the weight at a disUnce from 
the other end equal to } the length of the stick.' It would be 
found equal to f the weight of the whole stick. 
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CHAPTER Vir. 
OF PROJECTILES AND GUNNERY. 

104. A pn^ectih is any bodi/ thromn into the otmospheTf. A 
ball Hred from a cannon, a slone thrown by the hand, and an ar- 
row shot from a how, are severally examples of projecliieg. 
According to article S3, projectiles rise and full in ihe curve of 
a parabola under Ihe combined forces of projection, which 
tends va cany ihein uniformly forward, and of gravity, which 
brings ihem with accelerated velocity towards the earth. 

105. The random of a projectile is the korixontal distance be- 
tween the paint from which it is thrown, and tliat w/tere it falls 
to the earth. 

For example, when 1 throw a atone obliquely into the air, it 
rises and falls in a curve, (the parabola) and the distance from 
the place where I aland to the place where it falls, measured od 
the surface of the earth, is its random. The random is greatest 
when the angle of elevation is 45 degrees, and is the same at 
elevations equally distant above and below 45 degrees. It ia 
llie Bame, for instance, at 60 and at 30 degrees. 

A projectile rises to the greatest height when thrown perpeo- 
dicularly upwards, and jl remains, in this case, longest in the 
air; or the lime of flight ia greatest when a body is projected 
directly upwards. 

106. When a body is thrown horizontally from any cle*s- 

tion, with a velocity equal to that which it would have acquired 
by falling from that elevation to the earth, ils random ia ivMt 
as great as that height. Thus, if 1 throw a ball from a cham- 
ber window, with a velocity which it would have acquired in 
falling from the window to the ground, it will fall at a distance 
from the foot of the btulding equal to twice the height of the 
window. 

107. The foregoing principles hold good only when projec- 
tiles move without resistance. Bui this ia far from being the 

Whulistprajeelttcf Gi« examplBs. In wbaituivedoos a pmjeciiM 
liie and rail f Under iLe acttoa of what racces doDi it move f What 



pmjeclih tUe lo ehugreKlBH height? When islhe limeofflighlgrealei 

What ii the random of a body ihmwnhoiiiDWaWlSiom »tWw.^T »ri 

Mjbr.' Do the tBeoretiral ptiaeiploi o[.fii>iec>i\«tto\i(po4\ttviM'i 



PROJECTILES AND GUNNERY. 65 

&ct, since the resistance of the air, especially to the bodies 
moving swiftly through it, is very great ; and hence the dis- 
cordance between theory and experiment is such, that the ma- 
thematical principles of projectiles are found to be wholly in- 
applicable to practice. 

It is ascertained, in general, that projectiles moving slowly, 
describe curves which are nearly parabolas ; while such as 
move swiftly deviate very far from this curve. The parabolic 
figure described in the case of projectiles which move slowly, 
may be observed in tracing the path of a small stone thrown 
into the air, and more especially in the curves described by jets 
of water spouting upwards, as in fountains. But when the jet 
is more rapid, and spouts at a high angle, as forty five degrees 
for example, we can plainly see that the curve deviates greatly 
from a parabola. The remote branch of the curve is seen to 
be much less sloping than the rising branch; and in very great 
jets, which are to be seen in some great water works, the fall- 
ing branch is almost perpendicular at its remote extremity ; 
* and the highest point of the curve is far from being in the mid- 
dle between the spout and the place where the water falls. The 
unequal division of the curve by its highest point, may also^ be 
observed in the flight of an arrow or a bomb shell. 

108. The following facts also shew the discordance between* 
the parabolic theory of gunnery and experience. A cannon 
ball, fired in such a direction and with such a velocity, that its 
random or horizontal range, ought to be twenty four miles, 
comes to the ground short of one mile. The times of rising 
and falling, if that theory held good, ought to be equal ; but the 
time of rising is greater than that of falling at great elevations, 
and at small elevations less than that of falling. According to 
the theory, the greatest random is at an angle of elevation of 
forty-five degrees, but in practice it is found to be much below 
this. The greatest random of an arrow, is when the elevation is 
about thirty six or thirty eight degrees. 

1 09. This discordance between theory and practice is ow- 
ing to the resistance of the air, tvhich, when the projectile 
moves with great velocity, beootnes enormous. Nor will it be 
difficult, on a little reflection, to comprehend the reason why 

— - . --- , , .■IIMl-B ■ — ^^^— ~ 
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What curve is described by projectiles moving ilowly ? Ditto when 
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this resistance ihould be so great. The force with which a 
projectile strikes the air at rest, is the same as that with which 
the air moving with equal velocity would strike the body at rest. 
This, in the case of a cannon ball, would greatly exceed the 
most violent hurricane. Again, as a ball moves through ^e 
air, il displaces, that is, gives motion to, great quantities of air ; 
yet whatever motion it imparts to other bodies is extinguished 
in itself. The loss of motion, therefore, increases very fast 
with the velocity. It is said to be in genera! as the square of 
the velocity : so that a body moving tlirough the air with ten 
times the velocity of another body, would encounter one hun- 
dred times as much resislance, la very swift motions, the re- 
sistance was ascertained by Robins to be even much greater 
than in the ratio of the square of the velocity, 

110, The researches of Mr. Robins were made chiefly by 
the aid of an inairumentofhis own invention, called the Bains' 
tic Pendulum. Il consists of little more than a large block of 
wood, like a log, suspended after the manner of a pendulum, 
?4ow if a bullet be fired into the block, as the bullet will be 
slopped, and as it imparts to the block whatever motion it loses, 
consequently the momentum of tlie block after the stroke, is 
precisely that of the ball before the stroke. Hence the weight 
of the block and that of the ball being known, and the velocity 
imparted to the block being readily determined by observation, it 
is easy to find the velocity of the ball ; for the weight of the 
ball is to the weight of the block, as the velocity of the block is 
to the velocity of the ball. 

111. This simple apparatus is sufficient for ascertaining a 
great number of particulars relative to the art of gunnery. If 
the ball is fired nearly in contact with the block, we find wiA 
what velocity it leaves tlie gun ; if ai different distances ftom 
the block, we find how much the velocity is retarded by passing 
through the air, for those distances respectively, tf, at a giv- 
en distance, we vary the charge of powder, we find the respec- 
tive changes which the velocity undergoes, and hence learn the 
ratio that ought to be observed between the powder and the 
ball, in order to produce the maximum effect. The effects re- 
sulting from variations in the length, shape and bore of the gun, 
are also ascertained with equal facility. 




PROJECTILES AND GUNNERY. 67 

• 

112. The following are some of the practical results ascer- 
tamed by the experiments of Mr. Robins, Count Rumford, and 
Dr. Hutton. A musket ball, discharged with a common charge 
of powder, issues from the muzzle of the piece with a velocity 
between 1600 and 1700 feet in a second. The utmost velocity 
that can be given to a cannon ball is 2000 feet per second, and 
this it has only at the moment of leaving the gun. In order to 
increase the velocity from 1600 to 2000 it requires half as 
much more powder, which involves a hazardous strain upon 
the gun, and the velocity will be reduced to 1300 before the 
ball has proceeded 500 yards. 

113. From the foregoing considerations it is inferred, that 
great charges of powder are absolutely useless in the service 
of artillery, especially when the distance of the object is con- 
siderable, and that a velocity exceeding 1100 should not be 
aimed aU The maximum service charge is ^ the weight of 
the ball. In close naval engagements, great velocities are in- 
jurious, for the ball may then pass through both sides of the 
vessel without lodging, and the number of splinters produced 
by a ball in rapid motion, is much less than is caused by one 
moving more slowly. By reducing the charge we may also 
reduce the size and strength of the gun ; and hence guns are 
made of smaller dimensions now than formerly, in oi^er to do 
the same execution. The velocity with which a charge of 
powder expands itself at first, is estimated by Hutton as high 
as 5000 feet per second.. As it expands, this velocity is of 
course constantly diminishing, but will exceed that of the ball 
while the latter is passing through the barrel of the gun, and 
will act as a constantly accelerating force. Long guns, there- 
fore, give to balls a greater velocity than short ones ; but the 
gain secured in this way after a moderate length is so small, 
(there being also some disadvantages peculiar to long guns,) 
that cannon have of late years been much shortened. In the 
naval service, earronades have been introduced. These are a 
short kind of gun, with small bore, requiring for a charge of 
powder, only one twelfth the weight of the ball. Their weight 
and thickness are proportionally reduced, yet in close action 
they produce effects superior to those of long guns. 

With a velocity of how many feet per second does a musket ball leaive 
the cun ? What is the greatest velocity that can be given to a cannon 
ball r How much more powder is required to increase the velocity from 
1^00 to 2000 f What is said of great charges of powder f What is tb« 
ratio between the weight of the powder and the ball ? Do«% «i ««V^ 
cur slow baU dami^e a ship most? With what ve\oc\ly dtoes %. Oeax^^ «1 
powder expand itself^ Why do Jong guns give a Eteaiei 'S^VocXvj \A XmS^ 
tAsa §hort om§^ What are earronades ? 
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114. It has been found that no difference ia caused in the 
velocity, or range, by varying ihe weight of the gun, nor by 
the use of wads, nor by different degrees of ramming, nor by 
firing the charge of powder in several places at the same time ; 
but that a very great difference in the velocity arises from a 
small degree in the windage, or the difference between the di- 
ameter of the hall and that of the gun. Indeed, with the usual 
established windage only, viz. about ^ of the calibre, no less 
than between \ and \ of the powder escapes and is lost, and 
as the balls are often smaller than the regulated size, it fre- 
quently happens that half ihe powder is loal by unnecessary 
windage. To this cause also, namely, too great windage, Dr. 
Button ascribes a great part of the sidewaya deviation of a 
ball ; since when, in pasBing through the barrel of llie gun, it 
is knocked from side to aide, it will finally lake the last direc- 
tion which il happened lo have at the muzzle of the gun. 
Another cause of this deviation from the line of direction, 
arises from a want of perfect sphericity in the ball, by which 
means the two sides do not meet with equal resistance. Riflw 
owe iheir superiority over common guns, chiefly to iheir obvia- 
ting this deviation. They iiave a spiral groove cut in iheir 
bore, making about a turn and a half in the whole length of 
the barrel. The ball, which ia made lo fit close U> avoid too 
great windage, has a corresponding motion impressed on it, 
which il retains after it leaves the gun, continuing to revolve 
around the line of direction. Whatever inequalities, may exist 
in the ball, their effects are neutralized, hy their being first oa 
one aide and then on the other of this line. 

115. Wiien a ball is projected from a piece of ordnance, at 
a small angle of elevation, and falls upon water, or on a plane 
of hard earth, its flight will not cease, but it will rise again 
and describe a second curve similar to the first but less ; and 
it will continue to rebound, until the whole of its projectile ve- 
locity is destroyed. This species of firing is called Ricochet. 
It is applied with great advantage from sea coa^t batteries upon 
shipping, and in the attack of fortresses. The pieces are lir«d 
with small charges of powder and elevated only from 3 to 6 
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degrees. The word signifies duck and drake, or rebounding ; 
because the ball or shot thus discharged, goes bounding and 
rolling along, killing or destroying every thing in its way, like 
the bounding of a fiat stone along the surface of water when 
thrown almost horizontally. 



CHAPTER VIII. 

OF MACHINERY.— THE LEVER. 

116. The organs employed in communicating motion, are 
tools, machines, and engines. Tools are the simplest instru- 
ments of art ; these when complicated in their structure, be- 
come machines; and machines when they act with great power, 
take the name of engines. Among the ancients, machines were 
confined chiefly to the purposes of architecture and war ; and 
they were moved almost exclusively by the strength of ani- 
mals. Thus, in building one of the great Pyramids of Egypt, 
vast masses of stones were raised to a great height, amounting 
together to 10,400,000 tons. In this labor were employed 
1W),000 men for twenty years. The advantage which man 
has gained by pressing into his service the great powers of 
nature, instead of depending oh his own feeble arm, is evinced 
by the fact, that by the aid of the steam engine, one man can 
now accomplish as much labor as 27,000 Egyptians, working 
at the rate at which they built the pyramids. In war also, 
while the use of gunpowder was unknown, engines of great 
power were invented for throwing stones and javelins, and for 
demolishing fortifications. Such were the Catapulta, the Bal- 
lista, and the Battering Ram, of the Romans. Yet it is re- 
markable, that during many ages, while such powerful auxil- 
iaries were employed in architecture and in war, the ancients 
should have made so little use as they did of machinery in the 
ordinary processes of the arts. The practice of grinding com 
by hand, which was chiefly performed by women, was preva- 
lent at Rome until the time of Augustus, when we find the first 
mention of water mills. 

The elements of machinery are found in what are called the 
Mechanical Powers. They are six in number, viz. the Lever, 

Distiuguish between tools, machines, and engines. To what purposes 
were machines chiefly confined among the ancients f How were they 
moved f Example in buijding the great Pyramid of i!>^V^* C^to^t^ 
ibe labor of a man aided by the steam engine with the Et^^Vvdiikv 
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die Wheeland Ai!e, the Pulley, the InclineJ Plane, the Screw, 
md the Wedge. 



117- 7^ Leveb is an indexible bar or rod, some point 
tf which being supported^ the rod itself is tnavahle freely lAovC 
that point, as a center of motion. 

This center of motion is eaiUd the fulcrcm or prop. 

When two tbrces act on one another by means of any 
machine, that which gives motion is catted Clie power ; that 
uhick receives it the weight. 

A lever is sirotght when its arras (or the parts on each 
side of the fnlcnim) are in one continued straight line ; beut, 
when the two arms are straight, but make anj angle with each 
other at the cenler of motion -, and crooked, when one or both 
srms deviaic from a straight tine. 

116. In treating of ihe Mechanical Powers, the first inquiry 
titibrium; that is, when do 



is, what are the conditions of a, 
the power and weight exactly balance each other ? This point 
being ascertained, any addition to the power puis the weight 
in motion. The investigation first proceeds on the supposition 
that the action of tlie mechanical powers is not impeded by 
their own weight, or by friciion and resistance, a suitable al- 
lowance being afterwards made for the various impedimenta. 

H9. Two weights will balance each other vpon the arms of a 
lever when they are to each other inversely as their respective dif 
tanees from the futcnim. 

Thus in Fig. 24, * Fig. 24. C b 

if W is as much I ^ 

heavier than P as 

AC is greater than 

BC, the two weights 

will exactly balance it ^O 

one another. Here 

the product of P into AC, is equal to the product of W into 

BC, and in all cases where the product of the weight into its 
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distance from the fulcrom, is equal to the product of the power 
into its distance, the weight and the power will be in equi- 
librium. 



B 



Fig. 25. 
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120. This is true even where there are several weights on 
each side as in figure 25. If the products of A and B into 
their respective dis- Y\g, 26. 

tances from 6, be 

equal to the similar p 

products of Cand D, 
the weights on the 
opposite sides will 
Inlance on another. ,,_«_ 
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Fig. 27. 
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121. Levers are 
divided into three 
different orders, ac- 
cording to the posi- 
tion of the power 
and weight with re- 
spect to the fulcrum. 

1. In a lever of 
the first kind, the 
fulcrum is between 
the power and the 
weight as in Fig.24. 

2. In a lever of 
the second kind, the 
weight is applied 
between the power 
and the fulcrum, as 
in Fig. 26. 

3. In a lever of the third kind, the power is applied be- 
tween the weight and the fulcrum, as in Fig. 27. 

flow does the prodvct of the power into its distance from the fulcrum 
compare with that of the weight into its distance? Does the same prin- 
ciple of equilibrium liold when tliere are several weights on each side ? 
How many kinds of levers are there ? How is the iu\cmm viX^^Xa^Xxl 
^Pim-^JB the ieeond^in the third? 
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The same law of equilibrimn (Art. 119] holds good in the 
three kinds of levere ; and where the power is at a grealei 
distance from the fulcrum than the weight, aa in ihe first ant 
second kinds, it is proportionally less than the weight, ant 
where it is nearer the fulcnini than the weight, as in the thin 
kind, it is proportionally greater than the weight, or acts undei 
what is called a mtehanieal dUadvantage. When a weight ii 
atisuined by two props, as when two men carry a weight suS' 
[tended from a pole, one end of which rests ou the shoulder o 
each, the part borne by each man is less as the distance of th( 
weight from him is greater. Thus, if the pole is 10 feet long 
and H weight of 500 pounds is suspended 2 feel from A anc 
8 feci from B, then A's part will be to B's as 8 to 2, or as 4 ic 
1 ) so that A will support 400 lbs. and B 100. 

133, When levers are not straight, but more or less crooked, 
a similar principle of equilibrium liolds good, the distance ol 
the weight or power from the fulcrum being estimMted by the 
length of a perpendicular drawn from the fulcrum to the lineol 
direction in which the power acta. Thus in figure 38, ABC ie 



Fig. S8. 




a crooked lever in which the power and weight act in the direc- 
tions of the lines 13S and AS. Now the distances fi-om the 
fulcrum being measured by the perpendiculars CM and CN, the 
general law of equilibrium holds, viz. that the power is to the 

Case where the power U at a. gtealBt disiniice fiom ihe fulcrum ihia 
Ibe weight. Case where iho wright is fariher nff tbrni Ihe power. Cbh 
nf a velght on a polf horno by two men. tto™ \s vte sutne ^linciijle ol 
*gaiJibrJum applied trbea (he leier ia aal «ViB\g\iv! 



KACHlNEftT. 73 

weight, as the distance of the weight from the fulcrum is to the 
distance of the power from the fulcrum. 

123. A compound lever consists of several simple levers 
combined together. 

In a compound lever, the power and the weight balance each 
fAher, when the product of the power multiplied into all the arms 
OA the side next to it, is equal to the product of the weight into 
dli the arms next to the weight. 

Fig. 89. 
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Thus, in figure 29, the product of P X AC x BF X DGas W x 
GE X FD X CB . Suppose, for example, the longer arms of the 
lever are severally twice the length of the shorter, and that the 
weight to be raised equals 400 pounds ; what power must we 
apply? 1X1X1X400=2X2X2X50. Hence, 50 lbs. ap- 
plied at P would balance 400 lbs. at W. 

124. Examples, 

1. Upon the extremities of a straight lever, are hung two 
Weights, A and B, the former weighing 15 and the latter 60 
pounds ; how much farther is A from the fulcrum than B ? By 
figure 24, AC : CB ; : 60 : 15 ; but60 : 15 : :4 : 1 ; therefore, 
the smaller weight is four times as far from the fulcrum as the 
larger. 

2. One end of a lever is 44 feet, and the other 5 feet ; what 
power must I apply to the longer end to balance a weight at the 
shorter end of 500 lbs. ? 

5 V500 

44 : 5 : : 500 : — =56 lbs. 13,V oz. Ans. 

44 

3. In a compound lever, (Fig. 29,) the lengths of the longer 
arms are 5, 10, 16 feet, respectively, and of the shorter 1, 2, 3 

-^ ^ _^ ^ ^ — ^ - -L !■ 

What if a Compound lewer ^ When do the powet «LQd vrei^xX^iXAXkCft 
ueb other ^ 



feet ; vhat power, applied to the longer side, will be reqmred to 
balance a weight of 100 pounds ? 

5X10X16 : 1X2X3 : : 100 : Jib. Ana. 

4. Wishing to lift fromits bed arock weighing 1000 lbs., I 
take a handspike 6 feet long, and applying the shorter end to 
the rock, rest it on a fulcrum at the distance of ll feet from the 
rock; how much force must I exert at the en»f of the longer 
arm to raise the rock ? Ana, 333^ lbs .• 

5. A lever of the second order is 20 feet long: at what dis- 
tance from the fulcrum must a weight of 1 12 lbs be placed, so 
that it may be supported by a power able to sustain 50 lbs. 
acting at the extremity of the lever ? 

Ana. 8 feet and 11| inches. 

6. In a compound lever, the three shorter arms are, respect- 
ively, 1, 2, 4 feet ; the three longer arms 9, 11, 12; llie power 
applied at the end of the longer arm is 3 pounds : what weight 
will it raise ? Ans. 445 j lbs. 

125, The principle of the lever has a most extensive appli- 
cation in the arts, and the forma under which il occurs are very 
various. We may contemplate it as having equal or unequal 
arms. 

The balance affonis the most common example of a level 
with equal arms. The necessity of arriving at the weight of 
bodies with the greatest degree of accuracy in pecuniary tran- 
sactions, and moce especially in delicate scientific reaearchea, 
as ihoae of chemical analysis, has induced men of sci 
artisis, to bestow great and united attention upon the 
tion of this instrument, until they have brought it lo 
ishiog degree of perfection. 

126. The principal parts of the balance are the beam GH, 
(Fig. 30,) the points of suspension G and H, and the fulcrum 
F, In order lo construct a perfect balance, the most important 
particulars lo be attended to, are the length of the arras, that is, 
of the beam ; the situation of the center of gravity of the whole 
instrument, with respect to the fulcrum or center of motion ; ani 
the position of the point of suspension. 





(1.) The aeDsibility of the balance is increased by increas- 

iii| die Ungths of the arms ; but unless the arms, when long, are 
M the same time of considerable weight, ihey will not have the 
requisite strength, but will be liable to bend ; and jn increase of 
weight, adds to the amount of friction on the center of motion. 
It is not common, therefore, to make ^e arms of a veiy delicate 
balance inore than nine inches in length ; and, for the purpose 
of uniting lightness with strength, tiie beam is composed of two 
hollow cones placed base to base, as in Fig. 30. 

(3.) The center of gravity of the instrument, must be a little 
below the center of motion. For if the beam is, balanced on its 
center of gravity, it will remain at rest in every position, whereas 
it must be at rest, only when in a horizontal position. If the 
e«]t«rof gravity is above the center of motion, the position is loo 
imstable, and on the least disturbance of ihe equilibrium, the 
bewn will be liable to upset. Finally, if the center of gravity is 
too far below the center of motion, the equilibrium will be too 
(table. Hence, in very delicate balances, the center of motion 
is placed a little above the center of gravity, 

(3.) The points of suspension must be in the same right line 
with the center of motion. For since when weighls are added 

Haw le tha seniibilLlj nf the bi.}iince alTecLed by increiting the Icngihi 
oT iba aimif How long »ie the »rmt oT Ihe mosl rielicBia balanceiF 
WbM ii iha BiiuBiion o( the cenlsr of graviij > Why a nol Ihe b«aiD ' 
biltneed on in center a( giavily P What ii the tSmv ot f\«.un^'Ca« 
cnMi of gnvilj adore Ibt center of motion ? or oE p^uo^'A wm Vm> 
ttowan Iba poiati ot tu»piBAaa AtatMAi 
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U ibeacaleH, the eflcci Is the same 3B though they were concen- 
trated in the pomls of suspenBion ; 3od were those points abore 
the cenler of motion, the center of gravity would be Uabie lobe 
■hilled above the centre of motion, when the beam woulil upset ; 
and if the same poiats were below (he center of motiou, unless 
the weights added were large, the center of gravity would be loo 
low, and the equilibrium too stable. 

127. In order to prevent friction as much as possible, ihe^ 
cfum is maile of hardened steel, andshapedintoa triangular pnsm, 
or knife edge, snwothly rounded, and turning on a plane of agaie 
or steel, or some other very hard and polished substance. 

It is only by a nice attention to all these particulars that at- 
liala have been able to give to the balance so great a sensibil- 
ity. Some baJanccs have been made lo turn with the lOOOth 
part of a grain. Ey Inading the beam the sensibility of the 
inilrurnent is diminished; (Art. 12C.) it is customary, there- 
fore to estimate its power by finding what part of the weight 
with which it is loaded it takes to turn it. Thus, if when 
londed with 7000 grains, it will turn with 1 grain, its power ii 
T^ffS' A balance constructed by Ramsden, a celebrated En- 
ghsh artist, for the Royal Society, turned with tlie ten miliionlk 
part of the weight. Delicate balances are usually coveted 
with a glass case to prevent agitation from the air, and to se- 
cure them from injury, Figure 30, represents an inslniment 
of this kind made for the Royal Inslitulion of Great Britain. 

138. The bent Imer balance is repre- 
sented in figure 31. The weight C acK 
as though it were concentrated in the 
point D, and the weight in the scale acts 
at K; hence an equilibrium wUI take 
place, when the article weighed has to 
C the same ratio as DB has to BK. 
Now every increase of weight added to 
the scales causes C to rise on the arc 
F G, and D to recede from B. Hence 
the different positions of C, according 
as different weights are added lo ihc 
scale, may be easily determined, and 
the correspondiug numbers marked on 
the scale F G. 

Of what is KiB fulcrum made; Give an enamplB of <lie eiltenu M^ 
fcacy oftonta bsiancee. Dereiibe ihe bnil lerer baUnee, ^^B 
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129. It is essential to an accurate balance, that the two 
anns should be precisely equal in length. The faU^ bcdcmee, 
which is sometimes used with a design to defraud, has its arms 
unequal. The dealer turns such an instrument to his account 
both in buying and selling. In buying, he puts his weights on 
the longer side, for then it takes more than an equivalent to 
balance them ; and, in selling, he puts his weights on the 
shorter side, because less than an equivalent will produce an 
equilibrium. The fraud may be detected by making the 
▼eights and the merchandize change places. The true weight 
may be determined from such a balance, by putting the article 
whose weight is to be determined, into one scale, and counter- 
poising it with sand, shot, or any convenient substance, in the 
other scale, and then, removing the article, and finding the exact 
▼eight of the counterpoise. It is evident that the weight of 
the merchandize will be the same as that of the weights em- 
ployed to balance its counterpoise* 

130. The sieel' Fig. 32. 
yard is a lever hav- 
ing unequal arms, 
in which the same 

body is made to 

indicate different ■■ilH*""""^"""""'"'"""'"""""""'""^ 
weights, by placing 
it at different dis- 
tances from the ful- 
cnim. A pair of 
steelyards has usu- 
illy two graduated 

sides for determining smaller or greater weights. It will be 
wen ^t on the greater side, the weight is placed nearer the 
iolcrom. Consequently, the weight indicated by the counter- 
poise, when at a given distance horn the fulcrum, will be pro- 
portionally greater. This instrument is very convenient be- 

, cause it requires but one weight. The pressure on the ful-^ 
crom, excepting that of the apparatus itself, is only that of the 
irticle weighed, whereas in the balance, the fulcrum sustains 
a double weight. But the balance is susceptible of more sen- 
sibility than the steelyard, because the subdivisions of its 

^ - -^— ^^^1^— .^M^ 

How are the arms of the faUe balance? How does the dealer use it 
n as to defraud f How may the fraud be detected ? The steelyard de- 
ftaed— point out the difference between the greater and the lessee Kvd«^ 
tad show upon vrhttt princtple tbty respectively act. YfViaX ad^^TiX^%«% 
ku ibe neeJjrard over the balance.^ Wbc^t advaiiia(a\ia^>2ki«^^^'Ck<^ 
PfW the MteeljtLrd^ 






131. The ^fimf Ht^tfari iaamya 
M iwu a lot wnghug vlxn ibe ta bJf wi ai < 
wei^t9 tn large. It dcpmdt oeifae cSHtid^ rf^ 
•pint aleel ^viiig, to miu p iw or aoead «lad 
<}um a IbrM propMtMMd to ihc degree </ e 
preMwn or exiemioo. The c 
will be eaaSj vodavutoA finn 
figure 32. After cominn«l 
liniJed wtib heavy weigfau, the i 
•pring u liable to be impaired, and li 
the iiMinimem dimioiBhed. Wben made, 1 
in llie b««t manner, apriug eleeljrards n 
curacy tai a loog time. 

133. The steelyards or balance used for estimating ' 
Tcry heavy weights, at loaded cans, depcnila upon the 
principle of the compound lever. The several lerei 
uxually placed beneath a platform, which rests on pivoi 
nt^t^ted with the sborier arms, while the counierpoisi 
iit!(:l4)d with the extremity of the longer a 
is roprcnenled "" "' 

wcighingrnachi 
employ!^ in 1'^ 
land, for estn 
tiug loadi ihiii 
transported 
turnpike road n. 
conalsUof a|> 
form* regtiiiK " 
four levers ol' tli 
■ncond kind, th 
wei|[!it being bi 
iweonihofulrruiii *" 
and the oowcr. The fulcrume 
form, and conHoquently the weij 
The pressures on these four pojj 
of iho lovofs at F, and since the ends of the lev. 

a support at F, this point sustains a pressure 




A, B, C, D, and thi 

Bia on the points a, i 
transmitted to ih 
all: 
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the combined forces exerted at the ends of the four levers. This 
farce again is increased by the lever £ G, and finally transmit- 
ted to G, to which the weighing part of the apparatus is attached. 
Suppose AF to be ten times the length of Aa, then 10 pounds at 
F would balance 100 pounds at a, and if the arm EG is ten 
times the length of EF, then ten pounds at G will balance 100 
pounds at F. Let us then apply ten pounds at G ; this press- 
ing upon F witli the force of 100 lbs. , will press upon a with the 
fcice of 1000 pounds. This would be the case were only one 
hm employed in the place of the four ; the fulcrums a, b, c, d, 
fivide this pressure equally among themselves. 

133. When a weight is supported by a lever which rests 
QD two props, the pressure upon both fulcrums is equal to the 
vhde weight. This principle is sometimes applied in ascer- 
taining the weight of a body too heavy for the steelyards. The 
body is suspended immovably near the center of a pole, and 
&e ftteelyaids are applied to each end of tlie pole separately, 
tbe other end meanwhile resting on its fulcrum. The two 
weights being added together, make the entire weight of the 
My. If the body is suspended exactly in the center of the 
pole, it will be sufficient to obtain the weight of one end and 
double it. The weight of the lever should, in both cases, be 
rabtracted from the entire weight. 

134. Since when a weight is suspended between two props, 
the part sustained by each prop is inversely as the distance of 
(Ae vxighl from it, it follows that a load borne on a pole, be- 
tween two bearers, is distributed in this ratio. As the effort 
of the bearers and the direction of the weight are always 
pindlel, it makes no difference whether the pole is parallel to 
the horizon or inclined to it. Whether the bearers ascend or 
iiescend, or move on a level plane, the weight will be shared 
between them in the same constant ratio. 

135. Handspikes and crowbars are familiar examples of 
levers of the first kind. A hammer affords an example of the 
lent lever ; and shears, pliers, nutcrackers, and all similar in- 
Mnmients, are double levers ; that is, they consist of two levers 



I 



How can we ascertain the weight of a body too heavy for the steel- 
yards? How when the body is suspended from the center of tbe pole? 
When a load is borne on a pole resting on the shoulders of each man» 
kow is the |)art which each bears related to his distance ftotn \.Vv« 'vvv^x^. 
Give examples of lererf of the &nt kind. Example of l^t \Mik\\v««i% ^1 
doabh Jeren, 



united. A pair o( shears with long handles, like those used 
by tinners, exhibit very strikingly the Increase of power gdncd 
by bringing the weight or substance acted on nearer lo the fiiJ- 
cnim. The jaws of animals exhibit a similar properly. An 
oar, applied to a boat rowed by hand, a wheelbarrow, and i 
door shut by the hand applied to tlie edge remote irom the hinges, 
severally furnish instances of levers of the second kind, vhen 
the weight is between the fulcrum and the power. 

136. The crane is a levet of the second kind which is nmch 
used when great weights are transported for a short dlstancs, 
as heavy boxes of merchandize from a vessel lo the wharij or 
great masses of stone from the quarry to a car or boat, Aa 
example of the crane, on a small scale, is seen in the apparatus 
of a kitchen lire-place. 

137. When one raises a ladder from the ground byoneofliie 
lower rounds, the ladder becomes a lever of the third kind, Ito 
power being applied between the weight and the prop, SIdm 
in all the mechanical powers, the power and weight have equal 
momenta, and since, in the third kind of lever, the weight has 
more velocity than the power, the power is as much gtetia 
than the weight, as the velocity with which it moves is Iwt 
The ditSculty experienced in raising a ladder from the gruoni^ 
by taking hold of the lowest round, or of shutting a door by 
applying the hand to the aide next to the hinges, shews the me- 
chanical disadvantage under which a lever of this kmd act*. 
Yet it is very useful in cases where it ia required lo give grffll 
velocity to the body moved. Sheep shears, consist of two levOT 
of this kind united. Here the whole force required is sosmili 
that In save it is of no consequence, while so soli and tleiiblf 
a substance as wool, requires the shears to be moved with eoB- 
siderabie velocity. A pair of longs is composed in the same 
manner ; and therefore it is only a small weight that we cm 
liH with them, especially when the legs are long. 

138. One of the moat remarkable applications of the third 
kind of lever, ia in the bones of animals. These are levers, 
the joinls are (he fulcrums, and the muscles are the power. 
The muscles are ertdowed with a strong power of contraction, 
by which they are made lo pull upon a tendon or cord, whidl 
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h inserted in the bone near the fulcrum. Thus, the fore-arm 
noves on the joint near the elbow as a fulcrum, a little below 
which is inserted a tendon, connected with a muscle near the 
■boulder called the deltoid muscle. The arrangement may be 
well represented by attaching a small cord to one of the legs 
of a pair of tongs, near the joint. It will require a consid- 
erable force to lift the leg by pulling at the string, especially 
if the string be pulled in a direction nearly parallel with the 
leg, as it ought to be, since the tendon which lifts the fore-arm 
lets in such a direction with respect to the arm. The muscles 
therefore act, in moving the bones, ittider a double mechanical 
^sadvantage, their force being applied both obliquely and very 
near the fulcrum. The force which the deltoid muscles exert 
lb raising a weight held in the palm of the hand, is enormous, 
V will be comprehended from the following illustration. Let 

Fig. 35. 



£ 



B 



AB represent the fore-arm, moving on the elbow-joint at A, and 
iia?ing the tendon inserted at C, which we will suppose to be 
HOB hundred times nearer to A than B is to A. Consequently, 
tk weight of 1 lb. at B, would require a force at C, acting directly 
upwards, of 100 lbs. But the force of the tendon docs not act 
irfctly upwards in the direction of CD, but very obliquely, as 
in the direction of C£, of which the part EA only can con- 
tribute to support the weight. Suppose this part to equal ^^th 
of the whole force CE, and it follows that the muscular force 
anted to raise a weight of 1 lb. in the palm of the hand, would, 
were it to act without any mechanical disadvantage, be suffi- 
^t to raise a weight of 1000 lbs. Yet Dr. Young informs 
VI, that a few years ago there was a person at Oxford, who could 
kid his arm extended for half a minute, with half a hundred 
weight hanging to his little finger. 

139. But by giving to the muscle the position it has, the 
neatest possible compactness of structure is obtained, while 
Df making it act so near the fulcrum, what is lost in force, is 
glined in velocity ; and while the power acts through a small 
ipsce, the hands are moved quickly through a great distance. 
[n consequence of the dominion which man can gain over the 

^^Mi^l IM^.I ■■■ ■■!■■ ■ ■ ■ ■■—■■■■■.■■■■■ ■■ ■ I ■■ I^Blll.. 

In what does ihe force retflde which raises a weight held in l^ \\^^tSkl 
I¥li«ti8 the Ailcrum? Vnt^er what mechanical d\8«Ld^«LVi\^^« ^^%% ^<t 
im aci ? How i» this disadvantage compensaied ? 
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stronger animals, and especially over the greal powers of Hi 
lure, he has hltle occasion Id exert great strength with his nake 
hands ; the celerity of their r ■ . ■ 

imporiani enJowment. 
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CHAPTER IX. 
MACHINERY CONTINUED,— OF WHEEL WORK.| 

HO. When a lever is applied to raise a weight, 
come a resistance, the spate through which it acts at onelin 
JB small, and the work must be accomplished by a succdssioi 
of short and inlermiliing effurts. The common lever is, there 
fore, used only in cases where weights are required to be raise 
through small spHCEs. When a continuous motion is to b 
prodnced, as iu raising ore from a n 
Ruchor of a vessel, some contrivance 
move the intermiiiing action uf the li 
tinual. The wked a^d axlf, in 
iu various forms, fully ajiswers 
this purpose. It may be con- 
sidered as a revolving lever. 

Thus in dgrne 36, DE, is an 
axle resting upon two supports, 
L and M; NAO is a wheel 
connecied with the axle ; W is 
the weight, which may be bal- 
anced by a weight hung lo 
the circumference of the wheel, 



In the wheel and axle, the law of equilibrium is as follows 

The poKcT 15 to the weight as the diameter of the oxle is 1 
the diameter of the wheel. 

If the diameter of the wheel is ten times that of the axle, 
power of one pound will balance a weight of ten. 

141, In numerous forms of the wheel and axle, the weigj 
is applied by a rope coiled upon the axle ; but the manner i 
which the power is applied is very various, and not ofte 
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iy means of* a rope. The circumference of a wheel aomo- 
timea carries projecting pins, xo which the hand is apphed 
to turn the machine. An instance of this occurs in the 
vheel used in the steerage of a vessel. In the common leind- 
Uss, the power is ap- ^'<£- 3'' 

plied by means of a 

vinch which corres- 
ponds to ihe radius of 
i wheel- The axia is 
umetimes plnced in a 
nttical position, and i 
turned by levers moved I 
iiorizon tally. Theefl;>- 1 
Kiinofaship(Fig.37,) 
wan example of this. 

Levers answering to the radii of. a wheel are inserted in holes 
mortised in the axis, and turned by sever.il men working lo- 
geiher. In some cases, as in the treadmill, the wheel is turned 
by the weight of animals walking on the circumference, with a 
nmian like that of ascending a steep hill. 

142. In the coH?"UHD WHEEL AND »XLE, Che povxr is to the 
wight, as tkeproducl of the diameters of all the STnaller icheels, 
it to the product of Che diameters of all the larger wheels. 

Thus in Fig. 38, the 
power being applied to 
the winch PQ, acts upon 
the .small wheel A, 
which acts upon the 
large wheel B, this 
t^ion C, arid so on. 
Now if the diameters 
of the three smaller 
wheels, including that 
of the axle, be severally 
one fourth those of (he 
larger wheels, ( of 
which the diameter of 
Ihe wheel described by 
Ihe winch PQ, that is, 
twice PQ, must be con- 
sideredasone,} then the 
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eiil way» in wtiicii the power \b iinY\i<i\. no's: «>>!«» 
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T will be to the weight as 1 Xl X 1 ; 4x4x4, ihsli^.L, . 
1 force of ten pounds applied at P will balance " 
eight of 640 pounds applied ai W. 

]43. It is aometimes desirable to make a variabls powa 
produce a constant force. Tiiis may be done by roakiiig ils 
velocity! increase as its intensity diminiBhes. We have tin ex- 
ample of this in the reciprocal action between the main spriig 
and fusee of a watch. [Fig. 39.) The main spring ' 
lip iu the box A, and is <;nn- 
nected with the fuaee B by 
a chain. When the watch 
is first wound up, the spring 
acts wit!) its greatest imen- 
sity, but then as the wheel 
B tnnia, it uncoils with the 
least velocity ; but on account of the varying diamciprs of the 
wheels of the fusee, as the intensity of the spring is dimiiiiBh- 
ed, its effect is contiuiially increased by acting on a Ufga 
wheel. In a similar manner a varying ioei|fA( may be mortd 
by a conatani power. 

144. Examples. | 

Ex. 1. The diameter of a wheel is 4^ feel, and that of its 
Kxis 1 i feet ; what power will be required to balance a weight 
of 100 lba.1 

4^ : 1^:: 100 : 'j^^sSlbs. VZ^ oz. Ana. 

Ex. 2. What must be the diaraeier of a wheel by which a 
weight of 100 lbs. suspended by a rnpe gning round an axle 
whose diameter is 1 foot, is balanced by a power of 12 lbs, ? 
12 lbs. : 100 lbs. : : 1 : ^-P^=&i feet, Ans. * 

Ex. 3. A power of 3 lbs. acts upon a wheel whose diameter 
is 6 feet ; what weight will balance ii upon an axle of 5 inches 
diameter ? Ans. 43J lbs. 

Es. 4. A power of 5 lbs. balances a weight of 150 lbs. by 
means of a wheel 10 feet in diameter ; what is the diameter of 
the axle? Ans. 4 inches. 

Ex. 5. Four wheels, A, B, C, D, whose diameters are 5, 4, 
3, 3 feet respeclively, are put in motion by a power of 10 lbs. 
applied al the circumference of the wheel A ; the wheels act 
tipon each other by means of three smaller wheels, the diam- 
eter of each of which is 8 inches ; the last wheel D. turns an 
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axle whose diameter is 6 inches ; what weight may be sus- 
tained by a rope going over the axle ? Ans. 8,100 lbs. 

Communication of Motion by Wheel Work, 

145. Motion may be transmitted by means of wheel work 
in several different methods, the principal of which are, the 
friction of the circumference of one wheel, upon that of au- 

' ether — the friction of a band — and the action of teeth. 

One wheel is sometimes made to turn another, by the mere 

Jriclion of the two circumferences. If the surfaces of both 
were perfectly smooth, so that all friction were removed, it is 
obvious that either would slide over the surface of the other, 
without communicating motion to it. But, on the other hand, 
if there were any asperities, however small, upon their surfaces, 
they would become mutually inserted among each other, and 
neither the wheel nor axle could move without causing the as<p 
perities on its edge to encounter those which . project from the 
surface of the other ; and thus both wheel and axle would move 
«t the same time. Hence, if the surfaces of the wheel and 
axle are by any means made rough, and pressed together with 
sufficient force, the motion of either will turn the other, pro- 
vided the load or resistance be not greater than the force ne- 
cessary to break off these small projections which produce 
friction. 

146. In some cases where great power is not required, mo- 
tion is communicated in this way through a train of wheel work, 
by rendering the surfaces of the wheel and axle rough, either 
1^ facing them with buff leather, or with wood cut across the 
grain. The communication of motion between wheels and 
axles by friction has the advantage of great smoothness and 
evenness, and of proceeding with little noise ; but this method 
can be used only in cases where the resistance is not veiy 
considerable, and therefore it is seldom adopted in works on a 
htge scale. Dr. Gregory mentions an instance of a saw mill 
at Southampton, where the wheels act upon each other, by the 
contact of the end grain of the wood. The machinery makes 
very little noise and wears well, having been used not less than 
twenty years. 

147. Wheel work is extensively moved by the friction of a 
hand. When a round cord is used, any degree of friction may 

What are tbe several methods of comtiiunicatiog inotiou by i\v«%VA^t 
iriMel work ? Explain the method by tbe friction oC the «uifuLC%. ^ V%X 
Mm Urn mdraatagei of tbii method ? 
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h* fmdiicecl, b)' letting the cord mn in a sharp groove at the 
«il|e of the wheel. Whra a scrap or &ai band is used, its Iric' 
tioa tMj be increased by increasing it: width. I'he surjace 
U the circtimferencc of a wheel which carries a tlut baru), 
abookl Dot be exactly cylindrical, but a little convex, in which 
casft if the band inclines to slip off at either side, il relams 
■gun by the lightening of its inner edge, as may be seen in a 
lunm's lathe. Wheu wheels are connected in the ehorieat 



r by a band, they 
huHl b« crossed, they will 
more in opposite direc- 
tions. {Fig. 40) Wheels 
m sometimes tnnied by 
cAoitu instead of straps or 
bauds, atul are then called 
n^ tciie<ls. The chains 
lay hold upon plus, or en- 
m into notches, in ihe cir- 
cumference of the wheels 
ao aa la cause them to turn 
Bimultaaeously. Theyare 
ined when it is necessary 
that the velocities should 
be imilunn, and where great 
locomotive steam engines, ct 



1 the a 



: direction; ifdte 




H8. But the most common mode of moving wheel wotli, 
.is by m^ans of tntk cut in the circumference of the wheels. 
The wheels of necessity turn in opposite directions. The 
connexion of one toothed wheel with another is called geamg. 
In the formation of teeth, very minute attention must be given 
M ih^r figure, in order that motion may be communicated from 



one wheel to another, 
jarring. If the teeth 



ilhout rubbing 
i ill matched, as 
figure 41, when the tooth A, comes 
into contact with B, it acts obliquely upon 
it, and as it moves, the corner of B slides 
upon the piane surface of A in such a 
manner as to produce much friction, and 
to grind away the side of A, and the end 
of B. As they approach the position 
CD, they austnin a jolt the moment their 



Fig. 41. 
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* tarfaces come into fiill contact; and after passing the position 
CD, the same scraping and^ grinding effect is produced in the 
opposite direction, until by the revolution of the wheels the 

■ teeth become disengaged. To avoid these evils, the surfaces 
of the teeth are frequently curved so as to roll on each other 
with as little friction, and with as uniform force and velocity as 
possible. (Fig. 42.) Much pains and 
skill have been bestowed on this subject ^is* 42. 

by mathematicians, with the view of 
ascertaining the kinds of curves which 
fulfil these purposes best. 

Regulation of Velocity hy Wheel Work, 

149. Wheel work serves the purpose, 
not only of forming a convenient com- 
munication of motion between the power 
and the weight, but also of regulating its 
velocity. Thus, when the connexion is 
formed by means of a band, as in figure 
42, the velocity of the wheel B, that carries the weight or sus* 
tains the pressure may be altered at pleasure, by altering the 
ratio between the diameters of the two wheels. If the di» 
ameters are equal, the wheels will revolve with equal velocity ; 
if A remains the same, while the diameter of B is increased or 
diminished, the velocity of B will be increased or diminished in 
the same ratio ; or if B remains the same, while the diameter of 
A is changed, the velocity of B will be changed in the same 
manner. We see familiar examples of the application of this 
principle in the Common spinning wheel, and the turner's lathe. 
In the spinning wheel, a band passes round a large wheel and 
a small one called a spool, having the spindle for its axis ; and 
in consequence of the great disparity in the size of the wheels, 
a great velocity is given to the spindle by a comparatively slow 
revolution of the wheel. In a turner's apparatus, machinery 
for spinning cotton, and the like, a large hollow cylinder, or 
drum, is fixed horizontally, which is kept revolving by the mo* 
ving power, and from which, motion is conveyed by bands to 
lathes, spindles, &c., to which any required velocity is given, 
by altering the diameter of the small wheel that is connected 
with them and turns them. Sometimes a change of velocity 

How are these evils obviated ? Second object of wheel work to reg* 
«late velocity— explain how this is done. Huw exemplified ia the t^vti* 
■ing wheel and the turaer^i latbe. What \t n diufft^ "^w ^l % \vaaik 
ef couicaJ form. 



r 



is effecled by making the drum of a conical Bhape, | 
the velocity imparled to ihe lailie or the spinille, will h 
or less, according as ibe baud proceeds from the 1 
B mailer part of the dniin. 

150. A more exact melhod of regulating theveloc 
lion, is by means of atlieels and pinions. 
kind, ia seen in Fig. 43, where A, B, C, are three ^ 
a, li, c, are the corres- 

endmg pinions. As ibe Fig. 43. 

ivea of the pinions suc- 
cessively pass between 
the teeth of the wheel, 
they must be equal and 
ainiilar lo them ; and 
since magnitudes have 
the same ratio to each 
other as [heir like parts, 
it follows that the num- 
ber of Kelh in a wheel, 
and of leaves in the 
pinion that acts upon it, 
express the ratio of the 

circumference or radius of the wheel lo that of t] 
Hence, in an equilibrium, the power multiplied by thfll 
of the numbers expressing ihe amount of teeth in all thi 
respectively, is equal lo the weight muhiplied by the pn 
the several numbers denoting the leaves in each of the] 

151. It ia farther evident, that (he velocity of a wb 
that of ihe pinion connected with iis circumference, vm 
versely as the number of leeth in each. Thus in Fm 
Ihe pinion a has ID teeth, and the wheel B has lOCg 
move ten limes as fast as B. For ihe same reason b yil 
ten times as fxsi as C, so ihat. in this arrangement, ibjj 
moves with 100 limes the velocity of the weight, Byi 
the ratio between the nuniber of teeth in the pinion, ^ 
number of teeth in ihe vheel with which it is connell 
may vary the velocity of any wheel at pleasure. ! 

152. A familiar instance of this is afforded in the med 
of a common clock. A pendulum by failing gains a q 
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Fig. 44. 



of motion sufficient to carry it on the other side to the same 
height as that from which it fell ; and were it not for the re- 
sistance of the air and the impediments, a pendulum when once 
set in motion would continue to vibrate by its own inertia, and 
would thus afford, without the aid of any machinery, an exact 
measure of time. But, in order to continue its vibrations, some 
small force must be applied to it to compensate for the loss of 
motion from friction and resistance. This force is supplied to 
the pendulum of clocks by the weight, and an analogous force 
is supplied to the balance wheel of watches and chronometers 
hy springs. In Fig. 44, let A B be a wheel 
having 30 teeth, and let N, M,be a pendu- 
lum, connected with the wheel by the pal- 
lets l^K; and to the axis a, let a weight 
be hung. It is evident that this weight, 
were there nothing to arrest it, would de- 
scend by the force of gravity with accel- 
erated velocity. It endeavors thus to de- 
scend, and hence exerts the required force 
on the pallets of the pendulum. For, 
every time the pendulum performs a double 
vibration, (returning to the same point from 
which it set out,) a tooth of the wheel es- 
capes,* and the wheel runs down until the 
next tooth strikes upon the pallet, and thus 
gives- it the impulse which is necessary to 
keep up the vibrations. 

153. It would seem therefore tliat, for beating seconds, only 
a single wheel is necessary ; nor would any more be absolutely 
indispensable ; but in this case the weight would descend so 
&8t, as soon to reach the floor, and the clock would require to 
be wound up again every few minutes. Hence a series of 
wheels are interposed between the pendulum and the weight, 
by which the descent of the latter is retarded upon the prin- 
ciple explained in Art. 150, and the descent of the weight is 
slower in proportion as the series is more extensive. In cheap 
clocks, as some of those made with wooden wheels, the series 
is short, or the number of wheels employed for retarding the 
descent of the weight is small, and such clocks require fre- 

Why doesi the pendulum continue to vibrate i Illustrate by figure 44. 
How many wheels are necessary to continue the beating of the pendu- 
lum ? Why are more employed f What are the d\«^^x^tAAL^% ^\. % 
•mall number of wheels? 

' Hence tbU wheel is taUed the tcapement. 




quent winding up; but in clocks of finer workmanship, a 
greater number of wheels is interposed, and such clock a W 
quire lo be woundup less frequenily. Many go eight^H 
and some are made id go a whole year without wlndingiflH 

Wheel Carriages. ^| 

154. In wheel carriages, wheels are not used ssmechaniMl 
powers ; for, since ihey move with the same velocity ai the 
powpr which propels them, there is no mechanical advan- 
tage gained hy them. When we shut a door by taking hoH 
of the edge must remote from the hinges, the door becomes i 
lever of the second kind, and we act under a mechanical ad- 
vantage. When we shut the d or by applying the hand netf 
the hinge, the door becomes a lever of the third kind, andfffl 
act under a mechanical disadvantage. There is, however, a 
point between ihe inner and outer edge, where the force wovld 
act without either advantage or disadvantage. In like manflcr, 
a carriage wheel is turned on the ground as on a hinge, byS 
force applied at its center of gravity ; and, in passing over an 
obsucle, it rolls over it as a door turns on its hinges. Thd 
necesaity of a certain amount of resistance or friction in thfl 
plane on which the wheel revolves is obvious, because othfl> 
wise there could be no Aiicnim or hinge on which it could 
turn. Thus wheels moving on smooth ice, slide instead <^ 
turning; and when the power is applied to the circumference] 
if the friction is not sufficient to act as a fulcrum, the whed 
turns without advancing, as a wheel turning in the air. Large 
wheels appear in theory to be mnch more advantageous than 
Bnmll ones. A large wheel will better surmount stones and 
other obstacles, since in turning over, the ascent is more 
gradual and easy. In passing over holes, it sinks less, and 
occasions teas jolting and less expenditure of power. The 
wear of small wheels exceeds thai of large ones ; for if we 
suppose a wheel to be three feel in diameter, it will turn round 
twice, while a wheel of six feet in diameter turns round once. 
Of course its tire will come twice as often in contact with the 
ground, and its spokes will twice as often have to support the 
weight of the load. So that by calculation, it should last but 

How long Hill some rliickt g» williDUt wiiidiiif; ? In what cnrriaKni i> 
BDy mteNniuBl arivaiuHgc gnliiect.' To whalpuint iilhe lor» applied? 
Wlint Nuatltules thB fuleruin iin which the wheel IUii» '! Why li aiij 
resitlanet neeesisr;? Haw wnuld wJiepls inove on tinaoih icn.' Cam 
ofa wheel lurinng in llie air- Stale the cam^inaiite advautsge 
l^rge and email ivlieels. 
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half the length of time. On these accounts it would be ad- 
tantageous to augment the diameter of wheels to a great ex- 
tent Were it not for certain practical limits whicfh it is found 
tteful not to exceed. One of them is found in the nature of 
the materials which we are obliged to use, and which if em- 
ployed to make wheels of great size, at the same time pre- 
serving the requisite strength, would render them cumbersome 
ind heavy for use. Again, a wheel should seldom be of such 
dimensions, that its center is higher than the breast of the 
horse or other animal by which it is drawn ; because when this 
is the case, the horse draws obliquely downwards as well as 
farward, and expends a part of his strength against the ground. 

155. The line of draught should not be horizontal, but in- 
clined upwards towards the breast of the horse, in an angle 
not less than 15 degrees with the horizon. This brings the 
strain nearly at right angles with the collar, whereas a hori- 
xontal draught lifts the collar upwards, by which the force is 
Wasted and the animal is choked. 

The effect of suspending a carriage on springs, is to equal- 
ize the motion by causing every change to be more gradually 
communicated to it, and to obviate shocks. Springs are not 
only useful for the convenience of passengers, but they also 
diminish the labor of draught ; for whenever a wheel strikes a 
stone, it rises against the pressure of the spring, in many cases 
without materially disturbing the load ; whereas without the 
spring, the load, or a part of it, must rise with every jolt of 
the wheel, and will resist the change of place with a degree 
of inertia proportionate to the weight, and the suddenness of 
the percussion. Hence springs are highly useful in baggage 
wagons and other vehicles used for heavy transportation. 

A pair of horses draw more advantageously abreast than 
when one is haniessed before the other. In the latter case, the 
finrward horse, being attached to the ends of the shafts, draws 
10 1 line nearly horizontal ; consequently he does not act with 
his whole force upon the load, and moreover expends a part of 
his force in a vertical pressure on the back of the other horse^. 

What praciical disadvantages attend fmall wheels? What attend 
large wheels? What angle should the line of draught make with the 
korizon ? What are the disadvantages of having the line of draught ho- 
riiontal ? Point out the uses of springs in carriages. Why are springs 
Oieful iD baggage wagons? Should two horses be harnessed side by »ide^ 
or 'One forward of the other.' 
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157. J PULLET is a small grooved wheel mevahle about ai 
lilt pivot itself being at the satw time either ftxfd 

The jimtd pulley is represenierl in F'le. 

Fig. 45, By il no mechanical ailvan- ^■■■^ 
tage is gained, but its use consists in 
fiimishing a convenient mode of chang- 
ing the direction of the power. 



i far I 
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bucket from a well by drawing down- 
wards, as is the case where the rope 
paeses over a tised pulley ahove the 
head, than by drawing upwards, lean- 
ing over the well. By means of the 
pulley, great facilities are afforded for 
managing the rigging of a ship. The 
sails a[ mast head can be easily raised, 
while the hands stand upon the deck ; 
whereas, without the aid of rupea and 
pulleys, ihe same force removed lo the 
mast head would operate under very 
great disadvantages. Similar facili- 
lies are afforded by this kind of ap-^ 
paralus for raising heavy weights, as 
boxes of merchandize, or heavy blocks 
of stone in budding. 

Fire escapes sometimes consist 
merely of a pulley fixed near the 
window of the apartment, around 
which a rope may be easily placed, 
having s basket attached to the end. 
The man seats himself in ihe basket, 
grasping, at the same moment, the 
rope onthe other aide of the pulley, and 
thus he lets himself gradually down. 




a comparatively small power i 
:> raise great weights. Fig. 46, rep- fl 
Dovable pulley E in connexion with a 
I. The weight W bears equally upon 
Its of the rope, and consequently that 
s against the power P, sustains only 
sight. An equilibrium will therefore 
ed when the power is equal to half 
t. 

47, bioeis of pulleys are represenl- 
ich the weight is distributed over a 
umber of parts of the rope : each 
fore sustains a proportionally smaller 
ihe load, and yet one of these parts 
acts immediately against the power, 
t power will be as much less than 
t, as the number of parts of the rope 
than unity. Thus, where there are 
three on each aide, a power of one 
11 balance a weight of sis pounds. 
ciple ia generalized in the bllowiug 



pullet/ an equilibrium is produeed, 
power is to the weight as one to the 

'he ascent of the weight is ia all cases retarded in 
I as the efficacy of a given power is increased. 
, in using any system of movable puUeya, the whole 

the pulleys ihemBelves, together with the reaiatance 
d by the rigidity and friction of the rope, acts against 
', and BO far lessens the weight which it is capable of 

In the more complex system of polleys, it is estima- 
it least two thirds of the power is expended on th* 
f itself. On account therefore of slowness of the 
lich the weight receivea, and the loss of power from 
utce of the ropes and blocks, such systems of pul- 
eldom employed. It is only in raising vast ^eights, 
orge ships, or great masses of stone Irom a quarry. 



echaalcil adranlage gainei 

43. AlH)byfigut«4l. V, 

HowiBlheTBlnciijiirih 

tlw powei? Point out Itie 



r tbs nwvabis pullsj { Daacribe 
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tiiat ihey are ever used. For managing the rigging ofa 
the comb illation usually^ employed consists of nut taoit 
two or tiiree movalili! pulleys. From its portable fonB^ 
ever, its cbeapness, and the facility with wbich it can be 
plied, especially in changing or modifying the directio: 
motion, the pulley is one of the most convenient and ueefi 
the mechanical powers. 




160. Examples. 



twol 



Ex. 1. t wish to raise a block of etoae weighing twol 
or 4480 lbs. but can command a power only equal to 746^11 
What number of pulleys sball I require t 746f : 4480 : : I 
ropes, or 3 movable pulleys, Ans. 

Since the number of ropes (or parts of the rope,) liiusl i 
and since each movable pulley has two ropes, as in Fig. 
therefore tlie number of movable pulleys must be ikree 
the block must be analogous to one of those representei 
Fig. 47. 

In this and other similar estimates, no allowance is madi 
the weight of the pulleys and other parts of the machii 
which are raised along with the weight. The amount of tl 
must be added lo the weight in order to ascertain the pc 
reqaired. 

Ex. 2. By a system of pulleys containing 6 movable pull 
the same siring going round the whole, as in Fig. 47 
power will be necessary ]a sustain a weight of 113< 
Ans. 9^. ■ 



161. Let Fig. 48, represent an 
Inclined Plane, whose length is 
AC, height AB, and base BC; 
and let W be a weight drawn up 
this plane by a power apphed at 
P, and acting parallel to the plane. 
Then an equilibrium is produced, 
when the power is to the weight, 
as the height of the plane to its 



Fig, 4S, 



It the combination or'|iu]lcT> uauslly empiojred limpls oi comf 

■' - ' -■ '■ tad one at rtie mD« iu*Iu\ Mnooj,**. nmci 

power 10 the ws'i^lil "w ttie\neVttwi «\».n 



Wby is the pulley accounted one ot lli« 
kalpowerMf Hov ii the 
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162. The inclined plane becomes a mechanical power in 
consequence of its supporting a part of the weight, and of 
coarse leaving only a part to be supported by the power. Thus 
the power has only to encounter a portion of the force of grav- 
ity at a lime, — a portion which is greater or less, according as 
the plane is more or less elevated. When a plane is perfectly 
horizontal, it sustains the entire pressure of a body that rests 
on it ; that is, the pressure on the plane is equal to the whole 
force of gravity acting on the body. As one end of the plane 
is elevated, this force is resolved into two, one of which is 
parallel and the other perpendicular to the plane. In propor- 
tion as the plane is more elevated, the part of the force which 
acts parallel Vith the plane is increased, until, when the plane 
becomes perpendicular to the horizon, it no longer sustains any 
portion of the weight, and the latter descends with the whole 
force of gravity. 

163. The simplest example we have of the application of 
the Inclined Plane, is that of a plank raised at the hinder end 
of a cart for the purpose of rolling in heavy articles, as bar- 
rels or hogsheads. The force required to roll the body on the 
plank, setting aside friction, is as much less than that required 
to lift it perpendicularly, as the height of the plane above the 
ground is less than its length. Every one knows how much 
the facility of moving heavy loads is increased by such means, 
and how the force required to move them is diminished, by 
increasing the length of the plane while the height remains 
the same. Long inclined planes, constructed of plank, are 
frequently employed in building, especially where high walls 
are built of large masses of stone, the materials being trundled 
up the plane on wheel barrows, or transported on heavy rollers. 
It is even supposed, that in building the pyramids of Egypt, 
the huge masses of stone were elevated on an inclined plane. 
Roads also, except when they are perfectly level, afford ex- 
amples of this mechanical power. When a horse is drawing 
a heavy load on a perfectly horizontal plane, what is it that 
occasions such an expenditure of force ? It is not the weight 
of the load, except so far as that increases the friction ; for 
gr avity, acting in a direction perpendicular to the horizon, can 

How does the inclined plane become a mechanical power? Explain 
how the inclined plane moderates the force of gravity. Example ot a 
plaok placed at the hinder end of a cart — how much is the force required 
to raise the weight diminished by the plank ? What is the effect of length- 
ening the plane while its height remains the same ? Kx^tlalu ibe. u^^l 
long inclined planes ia building. How are the pi\nc\v^^% oi xVi^ XwOlvqa.^ 
fiMue exempJiiSed ia roads f 
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oppoae no resistance in the ilireclion in whijii ihe load is 
movioji;. The answer is, that the force of the horse is fii- 
pended chiefly in overcopiing friction, and the resistance of 
the air. But when a horse is drawing a loail up a hill, he hu 
not only these impediments to encounter, but has also to over- 
re or less of the force of gravity ; that is, he lifit 
such a part of the load as bears to the whole load the samD 
ratio, that the perpendicular height of the hill bears to its 
length, [f the rise ia one foot in twenty, he hfts one twen- 
tieth of the load, and therefore encounters so much resistancB 
in addition to the resistances which he had lo overcome on the 
horizootal plane. If the ascent were one foot in four, and (he 
load were a ton, the additional force required above what would 
be necessary ou level ground, would be 560 pounds. 

164. Railway's afford another striking exemplification of 
the principles of the Inclined Plane. By means of them the 
irregular surface of a country, however hilly and uneven, is 
reduced to horizontal levels and inclined planes. These arc 
sometimes inclined at so low an angle, that the tendency of 
the cars down the plane, is only just sufficient to balance theii 
friction, and they would remain at rest of themselves in any 
part of the plane, while a small force would move them eith^ 
way. In other places the Inclined Planes are very sleep Ibtt 
short distance ; and the cars ascending upon them are some- 
limes drawn up by means of a power, (a steam engine for B»- 
ample,) stationed on the summit, and sometimes cars deaoend- 
ing ou one side, are made to draw up otiiers on the other aide, 
the two being connected by a chain or rope which passes round 
a pulley on the summit. It ia said that oo a well constmcled 
horizontal railway, a single horse will draw a load weighing 
ten tons. A ateam engine mounted on wheels, called the lou- 
motive, ia sometimes used instead of horse power on railwi^s. 
This answers every condition of a perfect force, being capable 
of being exactly proportioned to the weight to be carried, 
whether one ton or a thousand Ions, and moving with immense 
epeed, without ever tiring. 

165. The Inclined Plane has been very advantageously aub- 
atituted for Locks on Canals. The method, in general, is to 
oonsinict around the Falls a railway in the form of an inclined 
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3 ; and then the boat being floated into a large cistern of 
r, the whole is placed on the inclined plane, (the lower end 
le cistern being supported so as to keep the surface of the 
r level,) and is rolled up or down the plane, either by 
ng descending draw up ascending loads, or by drawing 
le ascending cistern with its boat by means of machinery, 
e latter case, the water fall itself acting on a wheel, may 
lade to afford the requisite power. 

16. The motion of hodie.s descending down inclined planes, 
bject to the same law of gravity as bodies falling freely ; 
is, it is uniformly accelerated. Consequently, here, as in 
ase of bodies falling without impediment, the spaces ds' 
ed are proportioned to the squares of the times, and to the 
'es of the velocities acquired, (Arts. 59 and 63.) 

7. The velocity acquired in falhng dovm an inclijied plane 
? same as that acquired in falling through the perpendicular 
t of the plane, 

hen a plane is but slightly elevated, as in rail-roads, the 
[eration^ though constant, is comparatively slow ; but after 
ig freely through such a distance as several miles, the mo- 
may become exceedingly rapid. A very remarkable ex- 
e of the acceleration of bodies descending down inclined 
js, occurs at the Slide of Alpnach in Switzerland. On 
nt Pilatus, near Lake Luzerne, is a valuable growth of fir 
, which, on account of the inaccessible nature of the 
itain, had remained for ages uninjured, until within a few 
I, a German engineer contrived to construct a trough in 
>nii of an inclined plane, by which these trees are made 
scend by their own weight, through a space of eight or 
miles from the side of the mountain to the margin of the 
Although the average declivity is no more than about 
bot in seventeen, and the route often circuitous and some- 
I horizontal, yet so great is the acceleration, that a tree 
Bods the whole distance in the short space of six minutes. 
I spectator standing by the side of the trough, at first is 
1 on the approach of a tree, a roaring noise, becoming 
ir and louder ; the tree comes in sight at the distance of 

" ~ ™ " ' ' ■ I ■ ■»■-■■■■■■_■ I. ■ ■ ■ ■■ ^— ■ ^ -■ m m^^^^^^i^^^ 

leo bodies descetiH inclined planes, at what rate are they arcelera« 
Hour aie the spaces proportioned to the times ? How does the ve* 
acquired by falling down an inclined plane compare with that ac« 

1 by falling freely through the same bei^^tf ReUU \.Ue cvi^u\gl« 

Bfl of tb^ Slide of Alpiukck / 

9* 



1 



hair a mile, and in an itiBiam afi^rwards shoots p 

noise of ihumlcr and ihe rapidify of lightning 

happens to " boll" from ihe trough, it cuts the statlj 
quite off. 'f 

168. It takes aa much longer 
for a body to descend down an in- 
clined plane, than to fall through 
its perpendicular height,- as the 
length of the plane e:xceeds its 
height. ThuB, in Fig. 49, a body 
in descending successively down 
the planes AC, AD, AE, would 
acquire in each case the same ve- 
locity, being the same as it would acquire by falling dq 
but the limes of describing these several lines wouM 
portioned to their respective lengths. <, 

169. When a road, instead of ascending a hill j 
winds round it to Ihe aummii, so as to lengthen ihet 
plane, and thus aid the moving force, the Inctintd Pj 
comes a Screw. In the same manner a flighl of sluf 
ing around the sides of a cylindrical lower, dtlier (( 




ivithout, affords an instance of a 
to become a screw. These e 
which subsists be- 
tween these iwo me- 
chanical powers ; or 
rather, they show that 
the screw is a mere 
modidcalion of the 
Inclined Plane. This 
correspondence be- 
tween the Inclined 
Plane and the Screw 
is exhibited in the an- 
nexed figur 
distance between iwo 
contiguous threads of a 



inclined plr 
;!ple8 show the strong' 



ma 



w, corresponds to the heigt 



How niucti Jon; ei docB it like Tor n boriy lo deei 
plane than lo fiill thruugh ihe perppiiiiiriilBr lifighlof the pi no 
IrtiB ly Bg<in SO. Iha A'wne— lioiv i> iis principle eritlMttf 
witiiiiiigAruuadib'iU^ How bya fl'i{,Uiit Bt.i -' ' 



inclined plane, and the circumference of ihe cylinder corres- 
ponds 10 the base of ihe same plane ; hence the forces neces- 
sary to produce an e(|uililirium 



Thus, let the inclined plane ADC be 



in the inclined ph 
Vrapped round a cylindi 
the circiarafereBce of whose 
l»aBeiaequalloihelineAB; 
then the point A being pla- 
ced on A', the point B will 
come round to A', and the 
point C will fall on C, and 
the Jine AC will trace out 
the thread of the screw on 
the surface of the cylinder 
■8 far as C, and may be 
'Continued in the same man- 
ner- II will be remarked 
that the power here acta 
panrllel lo the base of the 
inchned plane. Thus in 
figure 51, the power is 
applied to the handle, which 
revolves parallel to the base 
of the screw, or the base of 
iheinclined planeof which 
the screw is formed, 

170. In the semw, an equilibrium is produced tehen the poioer 
is to tie wmght, as the distanca between Ivm contiguous threads 
is to the ciTcumference of the base. 

By inspecting figure SO, it will be seen that " the distance 
between two contiguous threads," is the height CB of the in- 
clined plane ABC, while "the circumference of the base" is 
the base AB of the same plane. The law of equilibrium of 
the screw is therefore the same as in the inclined plane when 
the power acts in a direction parallel with the bsise ; in this 
case the power being to tlie weight as the height of the plane 
to the base. 
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171. The power, however, is not always applied directly ti> 
the circumference of llie screw, but frequently at the eud of a— 

lever inserted into the screw, as in Jigure 51, and as in ihe com 

nion cider press. Hence a more general law of equilibrium i^^ 
as follows : 

In ihe screw, an egTiilibrium is produced when the power is Ic^ 
ihe wi\ght, as the distanet hetvscen two contiguova threads is t^^ 
the circtimferenee of the eWch described in one revolution of th^ 



173. The Screw is generally employed where severe prea ^ 
sure is la be exerted through small spaces, and is ijierefore thw- 
agent in most presses. Being subject to great loss from fric^ 
tion, (upon which, however, its chief utility depends, aa will b^ 
shown hereafter,) it usually exerts but a. small power of itselu 
but derives its principal efficacy from the lever, or from whee^L 
work, with which it is very easily combined. Thus, in figur-* 
61, were ihe power appUed directly to the screw, the mecliaix— 
ical advantage gained would }ianlly more than compeosaie fwv 
the loBH by friction ; but by means of ilie lever, {which may t»e 
lengthened or shortened at plenaure,) the power is greatly in- 
creased. The endless screw is represented in figure 53. It is 
nsed in connexion with toothed wheels. By means of the eW- 
less screu), combined with the wheel and axle, a very powerthi 
force may be exerted ; and as the meehaniea! power of the 
screw depends upon the relative magnitude of the circumference 
through vhich the power revolves, and the distance between 
the threads, it is evident that, to increase the efficacy of the 
machine, we must either increase ihe length of the lever by 
which the power acts, or diminish the distance between the 
threads. Although, in theory, there is no limit to the increase 
of the mechanical efficacy by these means, yet practical in- 
convenience arises from the great space over which a. very long 
lever traverses. If, on the other hand, the power of the ma- 
chine is increased by diminishing the distance between the 
threads, and of course their size, the thread will become loo 
Blender to bear a great resistance. The cases in which it ia 
necessary tn increase the power of the machine, being those in 

WhKt la O.I gensral eipretLBiiin of Iha law, njisu Ihe ^wcr acts at 
the end of » lever ? For wh»l purpnae ie Ihu screw utoU I U ii uom- 
monlr amplared ilnne,iir<n cnnnrxion Miih niie of Ihe oihei mevhan> 
lealpovera? Dutciibe the endlefi tcren' f Eiplain iu principle. Wh>l 

ptacTlml mcMii'eiiienee Bii8«> from Ihe ute of a very long Uv«rf- 

iiom dj/cinilbing the dblaitcei of the ihicadi too mu ' ' 
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Fip. 52. 



^hich the greatest resistances are to be overcome, the object 
will evidently be defeated, if the means chosen to increase 
4at power deprives the machine of the btrength which is ne- 
cessary to sustain the force to which it is to be submitted. 

173. These inconveniences are remedied hy Hunter's Screw, 

Hrbich, while it gives to the machine all the requisite strength 

^tid compactness, allows it to have an almost unlimited degree 

of mechanical efficacy. This screw is composed of a smaller 

^nd a larger thread, the former turning upwards, while the latter 

*\irns downwards with a little greater velocity, and consequently 

^he screw, on the whole, advances with the difference between^ 

the larger and the smaller threads ; and since this difference 

l^may be small to any extent, so the efficacy of the power may 

be increased indefinitely. It will be seen, however, that the 

Knotion of such a screw is exceedingly 

.slow. Thus, in figure 52, A descends, 

Vhile B, playing in a concave screw in 
A, ascends ; but the distance between 
the threads of A being greater than the 
distance between those of B, the screw, 
on the whole, advances with the dif- 
ference. Suppose that A has 20 threads 
in an inch, and B 21 ; then, during one 
revolution, A wiU descend through the 
20th, while B ascends through the 21st 
part of an inch. The compound screw, 
therefore, will advance through a space 
equal to the difierence ; that is, through 
a space equal to -^ — ^=4^0^^ ^^ ^^ 

inch. This small space is, therefore, in effect, the distance 
between two contiguous threads ; and the power of the ma- 
chine is, as usual, expressed by the number of times their dis- 
tance is contained in the circumference described in one revo- 
lution of the power. For example, let the circumference of 
the circle be one foot; then 12-r-j^=5040= the weight or 
resistance, the power being 1 ; or, in other words, the efficacy 
of the power is increased ^\e thousand and forty times. 

174. It is obvious, however, from principles already explain- 
ed, that the power will in this case move over 5040 times as 
great a space as the weight. It is on this principle that the 




Explain the prkiciple of HuDter*8 Screw. By vtViqlI \% >}ci^ ^^^^^^x ^i 
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I 
afTorda ihe means of meaauring very minute spi 
hence is derived the Micrnmeier Screw. The verri 
lion which may be imparled lo the end of a screw,' ^ 
power moves over a apace vastly greater, renders it pj 
adapted to this purpose. For example, suppose a scii 
so cut as lo have 50 threads in an inch ; dien each n 
of the screw will advance its point through the S(M 
an inch, and if that point acted against a thread e^ 
would move it over a graduated space only that dist^j 
whole revolution of the screw. Now suppose the he^ 
screw (o be a circle an inch in diameter, and of con)^ 
thing more (han three inches in circumference. Thei 
ierence may easily be divided into a hundred equal pi 
tincily visible ; and if a fixed index be applied lo it,l 
dredth part of a revolution of the screw may be obstj 
noting the passage of one division of the head under tij 
But the hundredth part of a revolution carries the poq 
screw only through the [-^ of ^=} juVc''* P^' "^i 
Such an apparatus is frequently attached to (he limbsrij 
aied instruments, for ibe purposes of astronomical ^ 
observations ; by which means, a portion of the grachf 
no greater than the lOOili part of a second, can be «| 
In like manner, any other small space may be men 
the aid of the Micrometer Screw. Thus, any aliqik 
a pound, or an ounce, in the steelyards, may be founcl ^ 
ing the screw to the counterpoise, so as to move it sh^ 
the space between two notches, and at the same time | 
by an index on its head, the i^xact portion of the ^ 
which it passes. [ 

175. Several of the mechanical powers are frequei 
bined in the same machine, and great works are some^ 
compli»hed by a comparatively small force, carried ovi 
portionally greater space. The manner in which tbis I 
exemplilieii in the figure annexed to the following prtN 

A shipwright wishing to haul a ship upon the sioj 
ployed a machine, combining the lever, the screw, d 
and axle, the pulley, and the inclined plane, as teprd 
Ihe annexed diagram. 




The handle oT 
tlKwiiidifiCs 
18 inches. 

The distance 
oTthe threads on 
CD=1 inch. 

The diameter 
ofthe wheel ED 
a4feet. 

Hie diameter 
(f the axle EF 
al fool. 

G is a fixed, 
and H a mova- 
ble pulley, the 
tmmber of striiigs=4. 

Height of the plane equals half ila length. 

Allowing a man to turn on the handle B with a power equal 
to 100 lbs., how much force could he exert ou the ship T 

By Art. 171. 100 lbs. exerted at B would be- 
amK,atp, 11309-76 

And since the diameter of ike wheels is four 
dmea that of the axle, x 4 




I Again, thia is rendered fbur-fbld by the four 
Miinga of the pulley, 



45239.04 



Finally, this is doubled by the plane, 



361612.32 
Hence, the force exerted on the ship would amount lo more 
iaa 361612 lbs., or more than 1611 tons. 



176. If instead of moving a load on an inclined plane, the 
dane itself is moved beneath the load, it than becomes a 
Wedge. Thus, if a perpendicular beam have one end resting 
iipoa an inclined plane, (the beam being so secured as to be 
«aj)able of moving only np and down,) and the plane be drawn 



I 

I 



under it, the beam will he eleyated ; and the power requited to 
effect lliia will be to that required to raise the beam wlien ap- 
plied directly to it, as tht height of the. plans to its le.nglh .—or, 
considering the plane as a half wedge, the proportion will be, 
iw half Ike back of the wedge to its knglh. 

177. In the arts and raanufaclures, wedges are used where 
an enormous force is to be exerted through a very small Bpace- 
Thua it is resorled to for pplining maaaes of limber or atone. 
Shipa are raiaed in docka by wedges driven under their keels. 
The wedge ia the principal agent in the oil mill. The seeds 
from which the oil ia to be extracted are introduced into hair 
bags, and placed between planes of hard wood. Wedges in- 
serted between ihe bags are driven by allowing heavy beama lo 
fall on them, The' pressure thus excited is so intense, that the 
seeds in the bags are formed into a msias nearly as solid is 
wood, liiatances have occurred in which the wedge has been 
used to restore a tottering edifice lo its perpendicular position. 
All cutting and piercing inslrumeDls, such as knives, razors, Bci^* 
sors, chisels, naila, pins, needles, awls, itc. are wedges. The an- 
gle of the wedge, in these cases, is more or less acute, according 
lo the purpose to which it ia applied. In determining this, two 
things are lo be considered — the mechanical power, which is 
increased by diminiahing the angle of ihe wedge ; and the 
strength of the tool, which is always diminished by the same 
cause. There is, therefore, a practical limit to the increase ol 
the power, and that degree of sharpness only is to be given to 
the tool, which is consistent with the strength requisite for the 
purpose to which it is lo be applied. In tools intended foi 
culling wood, the angle is generally about 30° ; for iron it is 
from 50° to 60° ; and for brass, from 80° to 90°. Tools whicl; 
act by pressure may be made more acute than those which art 
driven by a blow ; and, in general, the softer and more jHeld. 
ing the substance to be divided is, and the less the power re. 
quired lo act upon it, the more acute the wedge may be con. 
strucicd. 

178. In many cases, the uliiity of the wedge depends or 
that which is entirely omitted in the theory, viz. the frictim 
which arises between its surface and the substance which it 



■ptiiiing haril subiUnceB — in ninking nil rrom eeedE — in 
igi ID B p«r|Knclicii!ir poiitroii, kc. fflisi instcumeiitB >■ 
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8. This is the case when pins, bolts, or nails, are used 
nding the parts of structures together ; in which case, 
it not for the friction, they would recoil from their places 
il to produce the desired effect. Even when the wedge 
d as a mechanical engine, the presence of friction is ab- 
ly indispensable to its practical utility. The power gen- 
acts by successive blows, and is therefore subject to con- 
intermission, and but for the friction, the wedge would re* 
etween the intervals of the blows with as much force as 
been driven forward, and the object of the labor would 
atinually frustrated. 

K The following principle is of great importance in re- 
to all the mechanical powers, and deserving of particular 
on. 

iach of the mechanical potoers, and in every machine, the 
and vmght balance each other^ when the potoer moves as 
faster than the weight as its quantity of matter is less, 

I can, therefore, make a small power raise a very great 
t, by so connecting it with the weight, as to make it 
over a very great, while the weight moves over a veiy 
space. By reviewing the several mechanical powers, 
all recognize the operation of this principle in each of 



K In levers of the first and second kind, (Figs. 24, 26,) 
iwer being applied at the extremity of the longer arm and 
r from the fulcrum than the power, moves over a propor- 
[y greater, space as the lever turns on its fulcrum ; but in 
irer of the third kind, (Fig. 27,) the power being applied 

* the fulcrum thaii the weight, moves with less velocity 
be weight, and consequently acts under a mechanical dis- 
tage, and requires to be proportionally greater than the 
I. 

• In the wheel and axle, (Fig. 36,) as bodi the wheel and 
le revolve in the same time, it is obvious that the power 
d at the circumference of the wheel must move as much 
than the weight, as the circumference of the wheel is 
ir than that of the axle. 

\. In the pulley, when the rope merely fMMA cfi«t ^^ssMt 
', (aa IB Fig, 45,) the power and ^e\g|bx moN^ fSHCt ^^ 
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aame apace, and no mechanical force is either gained or tost; 
but in ihe movable pulley represented in Fig. 46, the strings 
that raise tlie weight are equally shurleDed, and ihe poner is 
lengthened by an aoiount equal to that by which the Be?cral 
parts are ahoriened ; consequently, the power moves as much 
faster than the wuight as the number of ropes is greater ibaa 
unity. When the number of movable pulleys is great, ihe 
great space over which the power must move in order to raise 
the weight over a coiuparaljvely small space, presents a prac- 
tical inconvenience. (See Fig. 47.) 

183. In the inclined plane, the greater the length of the 
plane in proportion to its height, the slower will be the perpen- 
dicular ascent of the weight. For example, if the length of the 
plane be twice its height, the power must move over twice the 
space that it would if it rose perpendicularly, and hence the 
mechanical advantage gained is in the same ratio, that is, the 
power required is so much less than the weighL • 

184. In the screto, while the power performs one complete 
revolution, the weight is elevated only the distance between 
two contiguous threads. Hence, when the power is applied il 
the end of a long lever, and the distance between two conliga- 
ous threads is small, the forward motion of the screw is ?Btj 
slow, while the power traverses a great space. 

185. In a combination of the mechanical powers, such as 
(hat represented in Fig. 53, we see the same principle »erj 
strikingly exhibited. Here the power moves 3619 times as 
fast as the weight, and the mechanical advantage gained is it 
the same ratio. 

186. Finally, in the icedge, the power of overcoming resis 
tances is proportioned (o tlie aculeness of the wedge ; and th< 
diatBoce to which the parts are separated, that is, the spaci 
over which the weight moves, when compared with the spaci 
through which the power, (namely, the wedge itself in the di 
leclion of the power,) moves, is constantly dimiuished as thi 

8 of the wedge is increased. 
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CHAPTER XI. 

MACHINERY CONCLUDED. 

187. Archimedes is said to have boasted to King Hiero, 
^at '* if he would give him a place to fix his machine, (neon (r7u),) 
he would move the world." Yet there can hi no machine by 
the aid of which Arcliimedes could move the world, in any 
other way, than by moving, himself, over as much more space 
than that over which he moved the earth, as his weight was 
less than that of the whole earth. If Archimedes had re- 
ceived the place he desired, and had also employed what was 
equally indispensable, a machine which operated free of all 
resistance, he must have moved with the velocity of a cannon 
ball, to have shifted the earth only the twenty-seven millionth 
|)art of an inch in a million of years. 

188. From flie foregoing principles it will be inferred, that 
no momentunij or effective force, is gained by any of the me- 
chanical powers, o*r by any machine. If a man with his 
naked hands, can lift to a given height, as one foot, only 150 
pounds in one second, it is impossible for him to perform any 
more labor than this by any mechanical contrivance. On the 
contrary, when the structure of the machine is complicated, 
there is a loss of force, by employing the machine instead of the 
naked hands, proportioned to the resistance of the parts of the 
■lachine itself. It ib to be remarked, however, that this doc- 
trine proceeds on the supposition that the useful efect produced 
ia estimated from the joint product of the force, velocity, and 
time, A convenient method of estimating different forces is to 
draw a heavy weight out of a well, by a rope passing horizon- 
tally over a fixed pulley, near the top of the well. Suppose 
tkat a man can draw up a rock weighing 100 lbs. through the 
space of 50 feet in one minute. He would, of course, be able 
to draw up ten such masses in ten minutes, weighing in all 1000 
pounds. Now by passing the rope over hve pulleys, (allowing 
nothing for the friction of the pulleys,) he might with the same 
force lift the whole 1000 pounds at once ; but it would rise tea 
times as slowly as the 100 pounds did before, and consequently 

What did Archiraedes boast f On what principle could he have' 
Bored the world ? How much could he have moved it ? Is any mp- 
neatum gained by machinery ? How is the useful effect estimated ? By 
vhat means are different forces estimated f Ex&mv^e u\ \\t\.\»^ ^\vk&. 
iiaof a. well. 



^H woulil be ten miiiules in reaching the top. Therefore, iq a 

^V given time, it appears that the man woultl raise the same weighl 

^H through a given space, with or without the aid of machineiy. 

^H Id (he former case, the 100 lbs. might have been raised dutiiig 

^H the ten miniues through the space of 500 instead of SO feet; 

^M but 100x500xl0=1000x&0xl0; so that ihe labor pca^ 

^H formed would have been the same in both cases. Let vx ap- 

^V pose that P is f power amounting to an ounce, and that W is 

^M a weight amounting to 50 ounces, and tliat P elevates W bv 

^F means of a machine. In virtue of the property already stileo, 

it followB, that while P moves through 50 feet, W will be moved 

through 1 foot ; but in moving P through 50 feet, Jifty distmU 

efforts are made, by each of which, if applied directly, 1 oUDoe 

vould be moved through I fool. 

. 1 89. What then, it may be asked, are the advantages gOMi 
by Machinery f The advantages are still very great, for Uw 
following reasons. • 

(1.) By the aid of machinery we ran frequently apply om 
force to much better purpose. I'hus, in lifting a weight out of 
a well, or in raising ore out of a mine, il is obvious with hov 
much more efiect a man can work at the arm of a windUss 
than he could draw directly upon the rope, stooping over (he 
well. So in raising a mck fnim its bed by means of a hand- 
Bpike or crowbar, we can easily see how much more effectu- 
ally we can bring our force to bear upon it, than we could do 
by ournaked hands. 

(2.) By the aid of machinery, a man may be able to perform 
works 10 which his naked strength would be wholly incompe- 
tent. Thus, as in the preceding example, one might be able 
to hft a rock from its bed with a handspike, upon which he 
could make no impression with liis naked hands ; or, by means 
of pulleys, he might raise a box of merchandize from the hold 
of a ship, which he could not start at all with his unassisted 
force. In each of these cases, if the weight could he dxvidxi 
into small parcels, and if the force could be as advantageously 
applied without machinery as with it, the labor would be per- 
formed as easily in a given time in one way as in the oUier. 
But it might not be possible, or at least convenient thus to di- 
vide it. Or if, instead of dividing it into a number of parcels. 
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n% number of men cotild act directly upon a weight at 
he amount of labor which they would all exert in rais- 
I weight without machinery, would be the same as that 
the single man before supposed would exert with his 
lery. But it might not be convenient to assemble so 
lands at a time ; or perhaps such a number could not 
idvantageously together. A farmer has many occasions 
ng or removing great weights when his laborers are not 
a number than two or three in all. These must there- 
rform the labor of 50 times as many men by being 50 
IS long about it. Thus, in the example given on page 
f a combination of the mechanical powers employed to 
ship on the stocks, where a single man turning on a 

with the force of 100 lbs. exerts a force on the ship 
;ing to 161 J^ tons, the ship would move as much slower 
ehand, as 100 lbs. is less than 161 i tons ; and qonse- 
^ a great length of time would be required for an indi- 
to perform this labor, even supposing no resistance were 
tered from the machinery itself. 

Machinery frequently enables a man to exert his whole 
1 circumstances where, without such aid, he could em- 
it a part of it. Thus, in winding silk or thread, to turn 
e reel might not require one fiftieth part of the force 
the laborer was capable of exerting. Suitable machine- 
Id enable him to turn fifty spools at once. 
But the most striking advantage of machinery is not 
n the facilities which it lends to the personal strength 
I : It lies in this, that it afifords the means of calling in 
issistance the superior powers of the horse and the ox, 
er, of wind, and especially of steam. Here we find the 
nee of mechanical conirivances fully exhibited ; and no 
else has the inventive genius of man displayed itself to 
t advantage. But here, as in all other cases, the various 
lations of mechanical powers produce no force ; they 
pply it. They form the communication between the 
[ power and the body moved ; and while the power itself 
i incapable of acting except in one direction, we are able, 
jis of cranks, levers, and toothed wheels, to direct and 
that force to suit our convenience or necessities. Every 
y see examples of this in the construction of the most 
a saw mill or flour mill, turned by water. In a mill for 
g wheat, the stones are required to move horizontally^ 

how machinerx enables a man to exeil hVs NcUoXt lut^^. \^\aX 
79t striking advantRge gained by \\ r Show \b« viw ^il \xa.^v&^\^ 
iag the direction of the force. Also m tel.uWxW ViNt\ik\vi 
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while the action of ihe waier fall is perpendicular. We then 
fore receive the whole force on the circumference of a whet 
and transmit ii ihrougii several iatenneJiaie wheels Tollien 
volving stone, where the grinding is perfonned. So in a sa 
mill, the water Grst communicates a Totary motion to the ivlin 
and this motion is converted by means of a cr ' ' 
called 3 reciprocating motion, as that of ihe e 
and descent. By means of wheel work the vclodly I 
moving body is increaseit or diminished at plea 

190. la short, machines enable us to forma convenient « 
miuiicaiion between the power and the weight ; lo give to t 
weight any required direction or velocity ; lo apply force 
the best advantage ; to vary the ci re uni stances of velocity a 
time as the amount of our force may require i and to bring 
our aid the great moving powers that exist in nature. 
next object, therefore, will be to see by what particular melho 
these several purposes are accomplished. 

Regulalion of Machinery, 

2 

191. It is highly important to the successful operation 
any machine, that its motion should be regular and unifor 
Jolts and irregular movements waste the power, wear uponi 
machine, and perform the work unevenly. The sources of 
regularity are various, but they are chiefly the three followi 
viz. variations iu the power, variations in the weight or resi 
ance, and changes of velociiy in parts of the machine its 
Thus in the steam engine, the fire may bum with more or 1 
intensity, and produce corresponding quantities of the mov 
power ; the load to be carried (as that of a steam boat) n 
be much greater at one time than at auolher, and be sabj 
to sudden changes ; and the motion of the piston, which t 
ries the machinery, ceases altogether at the highest and li 
est points, and would move a machine by hitches, or aepai 
impulses, were there no contrivance connected with it for Itt 
ing up a uniforni r 

192. The kinds of apparatus employed to obviate th( 
Acuities, and to secure uniform movements to machi 



irj^eneni}, called KEODLATORS. Large machines i 
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themselves, in consequence of their inertia, acquire and main* 
tain, to a considerable extent, uniformity of motion, A flour 
mill carried by water, when it has acquired a certain rate of 
going, will not suddenly change that rate by any alteration in 
the force of the stream ; and a ship sailing between the op* 
posite forces, arising from the impulse of the wind and the re- 
listance of the water, will move steadily along, notwithstand- 
ing the breeze that carries it may fluctuate- continually. We 
can see this principle sometimes operating on a smaller scale. 
A grindstone turned by a winch moves steadily, although the 
force applied at one part of the revolution is much greater 
than at another. Large grindstones exhibit the advantage of 
diis principle much more than small ones. But in many in- 
stances, this natural tendency towards uniform motion is not 
sufficient, and artificial contrivances are introduced expressly 
for this purpose. As examples of Regulators we may espe- 
cially notice two, the Pendulum, and the Fly Wheel. 

193. The Pendulum, by its equal vibrations, communicates 
to dehcate machinery a motion extremely regular, and hence 
its application to the measurement of time. 

The Fly Wheel affords the most common and effectual 
method of equalizing motion, es- 
pecially in heavy kinds of ma- 
chinery. It consists of a heavy 
whf^el (Fig. 54,) affording as much 
weight as possible under as small 
a surface, in order that the inertia 
may be great while the resistance 
from the air is small. It is there- 
lore usually a heavy hoop of iron, 
with thick bars of the same metal. 
The Fly is balanced on its axis, 
and so connected with the ma- 
chinery as to turn rapidly around 
with it ; and receiving a constant 
impulse from the moving power, 
it becomes a magazine or repository of motion. Consequently, 
by its inertia, it is ready to supply any deficiency of power 
that may arise from the sudden diminution of the moving 
force, or to check any sudden impulse which may result from 



Fig. 54. 




"Why do not large machines so much require regulators.' How la th« 
pendulum employed to regulale motion f QWe n de«ci\\!Cin^ ^l >^ ^1 
wheel, and explain its principle. * 
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an accidental excess of that force. Suppose, for example, itiB 
handle of a pump to be coonecied with a water wheel, and n 
be carried by it. Here the power, namely, the waietfa!!,ii 
constant, while the weight is subject lo continual altenulioDi, 
amounting to a heavy load as the piston is ascending, bulep- 
posing scarcely any resiaiance while the piston is descendinj. 
The motion, therefore, would vary between nothing and a high- 
ly accelerated velocity, and the machinery would be subject to 
constant strains and jolts. A Fly prevents these altBrnalion 
and renders the ascent and descent of the piston nearly unironik 
In pile engines or stamping mills, a team of horses is soiM- 
limes employed lo raise a heavy weight, which when at a c«- 
tain elevation, ia suddenly disengaged and falls with great force. 
As the disengagement is instantaneous, the horses would in- 
Btanily tumble down were not their motion checked by some 
contrivance which should prevent the machinery from receiving 
any sudden increase of velocity. This purpose is completely 
answered by the Fly- 

194. Beside the nse of the Fly Wheel in regulating the ac- 
tion of machinery, it is employed for the purpose of aetumuli- 
I jn^ successive exertions of a power so as to produce a much 
more forcible effect by iheir aggregation, than could possibly 
be done by their separate actions. If a smallforce be repeat- 
edly applied in giving rotation to a Fly Wheel, and be corninn- 
ed until the wheel has acquired a very considerable velocity, 
such a quantity of force will be at length accumulated in its 
circumference, as (o overcome resistance and produce effects 
utterly disproportionate to the immediate action of the original 
force. Thus it would be very easy in a few seconds, by tho 
mere action of a man's arm, to impart to the circumference ot 
a Fly Wheel, a force which would give an impulse to a raus- 
kel ball equal to diat which it receives from a fiill charge of pow- 
der. 

195. The same principle explains llie force with which a 
atone may be projected from a sling. The thong is swung 
fleveral times around by the arm until a considerable portion of 
force is accumulated, and then it is projected with all tlie col- 
lected force. If a heavy leatjen ball be attached to the eod of 
a strong piece of cane or whalebone, it may easily be driven 
through a board : by taking the end of the rod remote from the 

How rs the Fly Wheel uasd for accumulaiiiig motion' Explain the 
aciianof m iliafi. IVhal velocuy mnj be yvmVQ iVKidtti liall atlBeli- 
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lull in the hand, and striking the board a smart blow with the 
eod bearing the ball, such a velocity may easily be given to 
the ball as will drive it through the board. 

196. The astonishing effects of a Fly Wheel, as an accu- 
nmlator of force, have led some into the error of supposing that 
SBch an apparatus increases the actual force of a machine. So 
itt from this, since a Fly cannot act without friction and re- 
aistance from the air, a portion of the actual moving force must 
imavoidably be lost by the use of this appendage. In cases, 
however, where a Fly is properly adjusted and applied, this 
loss of power is inconsiderable, compared with the advanta- 
geous distribution of what remains. As an accumulator of 
fiwce, a Fly can never have more force than has been applied 
to put it in motion. In this respect it is analogous to an 
elastic spring. In bending a spring, a gradual expenditure of 
power is necessary. On the recoil, this power is exerted in a 
much shorter time than that consumed in its production, but its 
total amount is not altered. In this way the Fly Wheel is used. 
Thus, in mills for rolling metal, the water wheel or other mo- 
ving power is allowed for some time to act upon the Fly alone, 
no load being placed upon the machine. A force is thus gain- 
ed which is sufficient to roll a large piece of metal, to which, 
without such means, the mill would be quite inadequate. In 
the same manner, a force may be gained by the arm of a man 
acting on a Fly for a few seconds, sufficient to impress an 
image on apiece of metal by an instantaneous stroke. 

197. We have already explained the mode in which motion 
is communicated, and it velocity regulated, by wheel work. We 
proceed now to consider a few examples of the more special 
contrivances by which motion is modified to suit particular pur- 
poses, recommending it to the student of mechanics to make 
himself acquainted with other contrivances of the same nature, 
by the actual inspection of machinery, as opportunity may 
offer. 

19ft. The motion required for a particular purpose may be 
recHUnear, as that of a carriage or bucket drawn out of a well ; 
or rotary, as in ordinary wheel work ; or reciprocating, as in a 
saw mill, or a pendulum. 

The simplest mode of producing rectilinear motion, is by 
means of a rope or chain, instances of which are familiar to 



Does the Fly Wheol increase the actual force ot a. r(\iaLcV\vi«\ Hi^AX 
Jocv of power does it occ&sioti f Specify the seveiaV VAii^% ol xooiCv^t^^ % 
reetilioearf rotAry, aad reciprocating. 




I 



MECHANICS. 

every one. The simplest mode of changing the directum, is bf 
means of pulleys ; but toothed wheels are also estensively em- 
ployed for the same purpose. The conneiion of one ttwlhed 
wheel with another, is called gearing. When both wheels wilb 
their teeth are in the direction of ihe same plane, it is called 
spur gearing (Figs. 41,2, and 3,); if theteetli, instead of \» 
ing cut on the circumfereuce in a direction parallel to the axis, 
are cut ohliquely, so that if continued they would pass round 
the axis like ascrew, it is ca\ieA spiral gearing (Fig. 54.) ; Md 
when wheels are not situated in the same or parallel planes, 
but form ao angle with each other, the wheels themsekes are 
sometimes shaped like frualums of cones, having their teeth cut 
obliquely, and converging toward the point where the apei of 
the cone would be situated, and it is then caWeA bevel geai^ 
ing. (Fig --■ 
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199. The universal joint consists of two shafts or arrns, 
each terminating in a Hemicircle, and connected together bj 
means of a cross upon which each semicircle is hinged. (Fig. 
56.) When one shaft is turned, either to the right or left, 
the other shaft turns in the same direction. 

The ToeheL tcheel (Fig.57.) is used to prevent 
motion in one direction while it permits it 
the opposite. The teeth are cut with ihi 
faces inclining as in the figure, and a catch 
BO placed as to stop the wheel in one direc- 
tion, while it slides ower the teeth without ob- 
struction in the opposite direction. 



Fig. 57. 
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1200. The eccentric wheel (Fig. 58.) re- 
folves about an axis which is more or less 
removed from the center, and, consequently, 
the 'different portions of the circumference 
DOve with different degrees of velocity. 
Hence, if this wheel is made to act upon a 
shaft or pinion, as in the figure, it win carry 
it with a corresponding movement. In orre- 
ries, -such wheels are employed for indicating 
ibe variable velocities of the heavenly bo- 
lies, as th^y revolve about their centers of 
notion. 



Fig. 58. 





201. Reciprocating Motion is produced Fie. 59. 
in various ways. The most common method is '^ 

by means of the crank. In Fig. 59, a shaft 
AB is urged backwards or forwards, (either 
vertically or horizontally,) by means of the 
crank o^, moving on a wheel H, which may be 
tnmed by water or any other power acting at 
H* By considering the different positions of 
^e crank during the revolutjon of the wheel, it 
ivill be readily seen that the shafl will move up 
ind down like the saw in a saw mill, or back- 
R^ards and forwards, a use to which it is api^ied 
ii polishing plane surfaces, as marble. 

The motion produced by cranks is easy and 
(radual, being most rapid in the middle of the 
itroke, and gradually retarded towards the ex- 
remes ; so that shocks and jolts in the moving machinery are 
lifflinished, or wholly prevented by their use, 

202. The steam engine, as seen in steam boats, furnishes to 
16 student of Mechanics a valuable opportunity of observing 
arious contrivances for producing, regulating, and modifying 
lotion. Levers and wheels of various kinds and rariously 
mnected'; flywheels and cranks ; circular and reciprocating 
lotions*; 8nd numerous other particulars which appertain to 
le " elements of machinery ,'' are there seen to the greatest 
dvantage. 

Deicribe the eccentric wheel. How is reciprocating motion produced f 
i0tcribe the cranio. Explain the tort of motion produced by the cranlc. 
pMify the uie of the ^leam engine in itudying the modea of regulating 
nd nodifjipg motion. 
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^^^V CHAPTER Xtl. ^^^1 

OF THE PENDULUM. OF STRENGTH OF HAT^| 
ANO OF FRICTION. ^ 

The Pendulum. ■ 
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The PenduUn 

203. The praciical application of the Pendulum to ll 
moai importitiii objects, namely, the measurement of Lm 
esiimailon of the figure ofihe earth, and as a standard of w 
and measures, renders it peculiarly deserviag of the attdl 
the student of Natural Philosophy. 

204. ,4. Pendulum is a body suspended hy a right Kiw 
any point, artd moving freely about that point as a center. 
point about which the penijuluni revolves, is called the i 
of saspension. The vibratian of a pendulum, is its m 
from a stale of rest at the hightesc point on 
one side, to ilie highlest point on the other ^'g- 
aide. The centtr of oscillation of a pendu- 
lum, is such a point that, were all the mat- 
ter of the pendulum collected in it, the quan- 
tity of motion (or momentum) would be 
equal to the sum of the momenta of all ihe 
parts laken separately. Thus, ihe parts of 
the pendulum about b, (Fig. 60.) move fast- 
er than those about a, and consequenily have 
more momentum ; but there is a point about 
which the momenta balance each other, 
and therefore, in the investigations relating 
to the pendulum, all the parts of which it 
consists may be considered as concentrated 
in that point. 

The center of oscillation is below the cen- 
ter of gravity ; for since the parts more re- 
mote from the center of suspension have mo 
parte that are nearer to it, the quantity of matter below the c( 
of oscillation must be less ihan the quantity of matter above 

205. The doctrine of the Pendulum is mainly comprist 
the following pro positions. 





Dc&neth 

center of oat 
apeet to tite 


pondulu 

ilfalion. 
enter of 


m. WhB 
Erwity t 


-1 


« vibra 




I idpom 




L 
















J 



PENDULUM. 117 

A penduhan of given length performs its vibrations in equal 
nej, whether it vibrates in longer or shorter arcs. 

Upon this property of the pendulum, depends its application 
the measurement of time, as explained in Art. 152. 

206. The times of vibration of pendulums of different lengths ^ 
e proportioned to the square roots of their lengtJis, 

Thus, a pendulum, in order to vibrate half seconds, is only one 

arth as long as one that vibrates seconds, for 

1 (the time of the longer) : i (time of the shorter) : : y/J : y J^ 

What must be the length of a pendulum to vibrate quarter 
conds ? 

« 

Ans. It must be ^ the length of the seconds pendulum, the 

uarA root of ^ being ^ of 1 ; and since the length of a pendu- 

Qo beating seconds is about 39 inches, that of a pendulum 

ating quarter seconds is ff =2.44 nearly. 

£x. 3. What would be the length of a pendulum that should 

}rate once in an hour, the length of the seconds pendulum be- 

5 39^ inches ? 

Ans. 7997.7 miles, equal to the diameter of the earth, nearly 

207. The times of vibration of the same pendulum on different 
rts of the earth' s surface, areproportionedto the distances of these 
intsfrom the center of the earth. 

Hence, the pendulum affords the means of measuring the 
ights of mountains, and even of ascertaining the figure of the 
nh itself. For, since the times of vibrations areas the re*- 
eetive distances from the center of the earth, and since the 
9ger the time occupied in one vibration, the smaller the number 
vibrations in an hour, consequently, the number of vibrations 
an hour at the level of the sea would be to the number on the 
p of a mountain, as the distance of this last point from the 
oter of the earth, to the distance of the general level from the 
nter. 

For example, a pendulum which vibrated seconds at the level 
' the sea, was found to vibrate only 3590 times on the top of a 
gh mountain ; what was the height of the mountain ? 
Ans. 3590 : 3600 : : 3956* : 3,960, or nearly 4 miles. 

How are thi; times of vibrations of a pendulum of given length r Po. of 
ladulums of dlflferent lengths .' How much shorter is a pendulum vibra- 
te quarter seconds, than vibrating seconds ^ What is the length of a 
nidulum that would vibrate once an hour? How are the timei of vibra- 
» of the same penduluas, oo different paits of ^ «iax>^^« 

•The diemeter oftfae eaiOk is T^l&nSku 
11 
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208. Again, ihe pemlulum affords 113 ihe means of asceitaia- 
ing the figure, iif the earik ; for by counting ihe number of vibtB- 
lions pf rlbrmed at varioua places on the earth's surface, («1 the 
level of the sea,) we determine ihe ratio of ihe respective (lislsiv- 
ces of those points from the centre of the earth. Now, if these 
ilistancesshoultlbe all equal lo each other, iheQ the earth would 
be found lo be a perfect sphere ; but it is found by actual experi- 
ment, that the number of vibrations increases as we advuMo 
from the equator towards the poles, indicating that the polar 
diameter is leas than the equatorial. 

Example. If a pendulum which beats seconds at the equaUit, 
■hould be found lo vibrate 3613 times in an hour at the pole, 
how much less is the poSar than the eq\iatorial diameter X 
3613 : 3600 : : 4000 : 3985^. 

Thia result being subtracted from 4000, (the equatorial rwli- 
BB,) leaves 14^ miles, which, being doubled, gives 28^mil«i ■ 
as the difference between the polar and equatorial diameters- 

20a. The fact that at any given place, a pendulum whisli 
vibrates seconds, or which makes 3G00 vibrations in an hoUC^ 
irily of the same length at all times, has led severil 
) ailopt this as the staridard of linear measure, Tis 
square of this will serve as a standard for superficial, and iu 
cube as a standard for solid 1 



Strength of Materials. 

210. The importance to the architect and ihe engineer, of 
Bscenaining the form and posiiion of the materials which he 
employs, in order to secure the greatest degree of strength atid 
stability, at the least expense, has led mathematicians and wri- 
ters on mechanics, to devote much attention lo this subject. 
How is the strength of a beam affected by giving to it di^ent 
shapes and different positions; how must a given quantity of 
natter be disposed of in order that it may have the greatest pos* 
Bible degree of strength ; and upon what principles depends the 
atability of columns, roofs, and arches ; these, and many similar 
inquiries, have been objects of profound investigation. 

211. The power of a rpgularbeam, like a stick of timber, to 
resist fracture when supported horizonialiy at the two ends, is 

Exijlain how tlie pBiirtulum is spplietl lo measure ihe height of mnan- 
lilna^ nlso of aKerlBiniiig ihe figuie orilie earilif Upon wtanl priaclpla- 
Athe/uindulumBllopleriaiiheBiBndarcl orjiiieac mraaures? SlraigOlt/ 
Jlaieriah. VVh/ fiai this lu^ect beeu studied^ Wbu iiuiuirioe dosd^ 
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tioned to the <Upth of the center of gravity be}ov> the «ppw 

e. Hence, an oblong beam is much sttonger with ils nar- 

lan with its broad side upwards. Fig. 61. 

i be seen- by inspecting Fig. 61 ; C D 

: center of gravity being here the '" 

ofihe8lick,iisdepihEGi8 greater 

he narrow side is uppermost, than 

! depth, when the beam rests on its 

lide. Thus, ifa joist be 10 inches 

md 2^ thick, it will bear four i 



reight wh^in laid on its edge, than * '^ ^ 

aid llat-wiae. Hence the modern mode of flooring with 

■in, but deep pieces of timber. 

•iangular beam is twice as strong when resting on its broad 
18 when resting on ils edge. For the center of gravity 
I the distance from the vertex to the base, its depth is 
13 great when the beam reits on its base aa when it rests 
jdge. This result of theory, however, has not been con- 
by experiment, but it appears to make no difference in the 
of a triangular beam, whether il rest on its broad base or 
edge. {Renwick's Mech. page 178.) These principles 
not only to beams, but to bars, and similar structures of 
sort of matter. 

. The slTenglh of any bar in the direction of its length is 
tional to the area of its transverse section. 

aumber of cords were hanging side by side from the same 
1 the ceiling, ihey would be competent to sustain a weight 
:h greater than a single cord would sustain, as their num- 
s greater than unity. Fifty cords, all bearing equally, 
obviously bear fifty limes as great a weight withont breaki 
a single cord would do. Nor would their power be 
by being placed closely in contact with each other so as 
iiitute one and the same cord. If, in the place of one of 
trings, we suppose rows or particles of any kind of matter, 
3ngth of the whole would be in proportion to their num- 
d this would be measured by the area of a cross section. 

bal ■> thn itrenjlh of a itick o( limber, placed hnriioiiinLly, and 
OD iu Iwn eiiiie, piopfiilioned ! What eide o{ an oliloiig benm 
IS uppermoit? Explain figure Gl. How much itrotiger ia n tH- 
b»Bm on iu broad b«M Ihnn on iii narrow base P To vrhnt is 
iphof any bar in UiB direction of ill length' piDVUftonei'. %\«IA 
■ipleoti nunifief o/coirdB suspended fiom the ceVVTO^iinA »i^^«mv- 
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I Hence, the Tarious shapes of bars mahes no difiereace in ibtir *■ 
absolute sire ngt)i, since this depends only on the aren. ofihenc- P 
tion, and must obviously be ihe same when the area is the siune, 
whatever be the figure. A rope, therefore, or a wire, to vhicb 
B weight is appended, is as likely lo break in one place aa in 
another ; bul when the weight of the rope becomes considerable, 
and the force is applied perpendicularly, ihe increase of weight 
as i\s length increases, renders it more liable lo break in the 
upper than in the lower parts. 

213. The strength of abeam lying horizonlally isinverath/a 
its tenglh. 

Hence, a beam twice as long as another equal to it in allother 
respects, has only half the siren^h. Long beams are wetk 
from their own weight; and the length may be so iuoreaied, 
that ihey wilt break from this cause aloiie. 

21'!. Th« icnitency lofraetare on any port of a horixontaibtm 
aipporled at both ends, is proportional to the product oftheiii- 
tanees of that part from the supported ends. 

In » common stick of timber, therefore, resting horizontally 
like the joiala of a Boor, the liability lo break is greatest in the 
middle, and decreases both ways to the ends ; for the productot 
the two halves is the greatest that can result from apy two parts, 
and the more unequal the parts are, the less is the producli 
Hence, a beam, in order to be equally strong throughout, must be 
made tapering, being largest in the center, and growing less and 
less towards the ends. Exact calculation shows, thai the true 
figure of bUc1> a beam is that whose section is an ellipse. 

The timbers which compose the horizontal part of the frame 
of a house, being usually rectangular parallelopipeda of uniforfli 
dimeneions throughout, it is manifest that n considerable portion 
of the material is wasted ; but in such cases, tlie attempt to save 
die material would be attended with paramount disadvantages. 
When, however, ihe material is expensive, or where lightness 
is important, as in many kinds of miichinery, the foregoing prin- 
ciple may be applied with great advantage. A useful applicaiioa 
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•fit is seen in the shape given to the iron bars of railways, as 
represented in the following figure. 

Fig. 62. 




215. On the foregoing principles, Dr. Gregory makss the 
following remarks, most of which were originally suggested by 
Galileo, to whom we are indebted for the earliest investigation 
oftliese propositions. From the preceding deduction (says 
Gregory) it follows, that longer beams and bars must be in 
jreati^r danger of breaking than less similar ones ; and that, 
though a less beam may be firm and secure, yet a greater similar 
one may be so long as necessarily to break by its own weight. 
Hence, Galileo justly concludes, that what appears very firm, 
ukI succeeds well, in models, may be very weak and unstable, 
or even fall to peices by its weight, when it comes to be executed 
in large dimensions, according to the model. From the same 
JNriDciples he argues, that there are necessarily limits in the works 
of nature and art, which they cannot surpass in magnitude ; that 
immensely great ships, palaces, temples, &c. , cannot be erected, 
since their yards, beams, bolts, and otiier parts of their frame, 
would fall asunder by their own weight. Were trees of a very 
enormous magnitude, their branches would, in like manner, fall 
off. Large animals have not strength in proportion to their size ; 
and if there were any land animals much larger :!mn those we 
know, they could haitlly move, and would be perprsiially subject- 
ed to the most dangerous accidents. As to marine animals, 
indeed, the case is different, as the specific gravity of the water 
Bustains those animals in a great measure ; and in fact these are 
known to be sometimes vastly larger than the greatest land ani- 
mals.* It is (says Galileo) impossible for Nature to give bones 
to men, horses, or other animals, so formed as to subsist, and 
proportionally to perform their ofilces, when such animals should 
be enlarged to immense heights, unless she uses matter much 



^'hich are most linble to break, loiif; beams or short ones ? Are struct- 
ures stronger or weaker, proportionally, than their small inndels? What 
would be the consequence were ttees much larger than tliey are ? State 
tht case of large land annnals and of marine animals. 

•Whtlet in tbe Noribem RegioDt, are wmetimet fmmd tVit^ t«:tVni^> «!n&.'«^v^va«% 
ft jr tutu* 
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firmer and more resisliug than she coimmonly does ; 
make bonea of a thicltnesa out of all proportion ; whence ihe 
appearance and iigurc of the animal must be monstrous, lleate 
we iiaturHlly join ihe idea of greater sirengtli and force nilh 
the grosser proportions, and that of agiliiy with (he more deli- 
cate ones. The same admirable pliilusopher, likewise rcmiii, 
in connexion with this subject, that a grealer column is is laiich 
more danger of being broken by a fall than a similar small om| 
llmt a man Is in greiiier danger from accidents than a cMId) 
that an insect can suHtain a weight many times greater thin 
ilseif.whereas, a much larger animal, as a horse, could scaicely 
carry anoihor horse of his own size. 

216. The lateral strengths of two cylinders, of the mW 
matter, and of equal v>eighi and length, one of which is hollw 
mad the otiier solid, are to each ollter as the diameters of that 
teetions. 

The strongest form, therefore, in which a given quantkytf 
matter can be disposed, is that of a hollow cylinder. From 
this proposhion Galileo justly concludes, that Nature in athoB> 
sand operations greatly augments the strength of substances 
irilhout increasing their weight ; as is manifested in the bones 
I of animals, and the feathers of birds, as well as in most lub« 
or hollow trunks, which, though light, greatly resist any efibil 
to bend them. Thus, {says he,) if a wheat straw, which sup- 
portB an ear that is heavier than the whole eiulk, were maus 
of the same quantity of matter, but solid, it would bend oc 
break with far greater ease than it now docs. And with the 
sanie reason, art haa observed, and experience confirmed the 
fact, ihut a hollow cane, or lubn of wood or metai, is much 
stronger or firmer, ilian if, while it continues of the sama 
weight and length, it were solid ; as it would then, of conse' 
quence, be not so thick. For the same reason, lances, whea 
iJiey are required to be boili light and strong, are made hollow. 

Friction. 

217. The term Friction, in its usual acceptation, being gen- 
erally understood, we have already employed it in the foregoing 
pages ; but we now proceed to inquire more particularly res- 
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pecting its nature, the laws of its actioo, and its effects npon 
■achines. 

Iq investigating the mathematical principles of mechanics, 
ire first proceed on the supposition that the forces in question 
act without any impediments ; that the surfaces which move 
in contact are perfectly polished and suffer no friction ; that 
axes and pivots are mathematical lines and points ; that ropes 
are perfectly flexible ; and, in short, that the power is trans* 
Bitted through the machine to the working point without sus- 
taining the least loss or diminution. Great simplicity is at- 
tained by first bringing the subject to this ideal standard of 
perfection, and afterwards making suitable allowances for all 
those causes which operate in any given case to prevent the* 
perfect action of a machine. 

-218. Surfaces meet with a certain degree of resistance in 
moving on each other, in consequence of the mutual ^cohesion 
9f the parts ; a principle which has the greater influence in 
iny given case, in proportion as the surfaces are smooth. But 
a much greater resistance arises from the asperities which the 
surfaces of all bodies have, though in very different degrees, 
according to their different degrees of smoothness. An ex- 
treme case is that of two brushes moving on each other, the 
hairaof which become interlaced, (especially when the brushes 
are pressed together,) and oppose a great resistance. Even 
bodies apparently very smooth, as polished metals, exhibit un- 
der the microscope numerous inequalities. Under the solar 
microscropc, the finest needle exhibits a surface as rough as 
ihe coarsest iron tools do when viewed by the naked eye. To 
these inequalities of surface, is principally ascribed the fric- 
tioo of bodies, when closely in contact ; the prominent parts 
interiock with one another, or meet, and must be broken down 
before the surfaces can move. Hence, friction is diminished 
by processes which level these inequalities, either by polish- 
ing the surface, or by smearing it with some lubricating sub- 
stance which fills up the cavities. 

219. Forces of this nature, which act by the resistance 
they occasion to motion, are called passive forces. They pro- 
duce very different effects in machines when in a state of equi- 



Friclion, — In the mathematics* I theory of mechanics, is any allowance 
made for friction or other impediments ? Why are these al first neg- 
lected ? What are the sources of friction f What is there in the na- 
lart of the surfaces of bodies which occasloQS fdcivoii^ \i^>K \& luOJss^^ 
duaiahbed/ IVbat are passive forces ? 
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libriuiD, and in a sLate of motion. In the one c: 
the power; in ihc other case they oppose i[. 
placed on an indineil plane, nill require a less power 10 sup- 
port it in consequence of the friction of the plane ; and h 
weight suspended by a mpe passing over a pulley will re- 
quire a less weight to balance it, on account of the friction af 
the axle. But the same passive Torres c^ierate in just Ao 
contrary way when a mactiine is tn be put in motion ; for then 
a power must be applied, which is sufficient not only to aver- 
come the weight itself, but also the amuunt of nil the resist- 
ances. For example, in order lo draw a load up an inclined 
plane, we have to overcome not only the force of gravity ly 
which the load endeavors to descend down the plane, bit 
also the amount of the friction and all the other resisianoB 
which impede its motion, although the load would be kept fwin 
descending, that is, in a state of equilibrium, by a less force in 
consequence of these resistances. The principle is moslatri- 
kingly observed in the wedge, where the difficulty of making 
the wedge advance, is greatly increased by friction, bul the 
same cause operates lo prevent it frojn Tecoiling. 

220. The fonns under which this sort of resistance presents 
itself, are chiefly of two kinds, nameSy, tliai of bodies sliding, 
and of bodies rolling on eacti other. To the former of diete 
let us lirst attend. Experiments on the friction of sliding bo- 
dies may be made, either by placing them on a table, and ol>- 
serving the weights which they respectively require to drag 
them along the table, or by placing them on an inclined plane, 
and observing at what angle the plane must be elevated in order 
that the body may begin to slide. In the former case, the table 
is prepared by attaching a vertical pulley to one edge, otb 
which a airing is passed, one end being connected lo the body 
in question, and the other end to a pan, like tliat of a balance, 
for containing weights. From this simple arrangement, a great 
yariety of particulars may be ascertained respecting the fric- 
tion of sliding surfaces. A body shaped Uke a brick, tvitka 
broader and a narrower side, may be Iried on each of its sides 
separately, and thus it may be seen whether, in a given weight, 
the extent ufiurface of contact makes any difference ; the body 
may be loaded with different weights, and hence may be learned 
the influence of pressure upon friction ; ihe body may be tried 
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m soon as it is laid on the table, and after remaining on it for 
1 longer or shorter time, in order to learn whether this circum- 
aUnce alters the friction ; different kinds of bodies may be 
tried, and the influence of different materials ascertained ; and 
£nally, by dragging the body off the table with different degrees 
•f velocity, the relation of friction to velocity may be inves- 
tigated. 

221. From experiments like the foregoing, endlessly varied, 
^ following conclusions have been established : 

(1.) In a given body, extent of surface makes no difference 
in regard to friction ; a brick laid on its edge meets with the 
tame resistance from this cause as when laid on its side. 

(2.) Friction is proportioned to the pressure. If the pres- 
wre of the brick be doubled or trebled by laying weights 
vpon it, the amount of friction will be increased in the same 
ratio. 

(3.) Friction is increased by bodies remaining for some time 
m contact with each other. In some cases it does not reach its 
maximum under four or five days. This principle, therefore, 
aflects slow motions much more than such as are rapid. In 
the mutual contact of metals, the friction attains its maximum 
almost instantaneously. But when metal rubs against wood, 
or one piece of wood against another, the friction is always 
increased by resting. 

(4.) The friction is less between surfaces of different kinds 
of matter, than between those of the same kind. Copper slides 
on copper, or brass on brass with greater difficulty than copper 
00 brass ; and it is a general rule never to let two substances 
of the same hardness move upon each other. To this rule, 
cast steel is said to form the only exception ; in other cases 
pivots revolve with less resistance on either harder or softer 
substances than upon those of the same material with them- 
selves. When between the surfaces of wood neatly planed, 
the friction would be equal to one half the pressure ; and when 
between two metallic surfaces, it would be equal to one fourth, 
between the wood and metal, it would amount to only one iiftlx 
the pressure. 

(5.) Friction is much greater at the first moving of a load, 
than after it is brought freely into motion. In many instances, 



Does extent of surface make any difference? How is the friction re- 
lated to the pressure ^ How affected by bodies remaininf^ long in con- 
tact f Ho IV is the friction between bodies of different liinds.' What 
substance forms an exception.' Amount of pi«uuTe >QeX.NN««'& vi^^ ^\i\ 
metal f Amount of friction at first moving a \o?lA — \iOVi xs^wOtvv^ \\.\^- 
duced wbeu a body has reached its final vtlocu^ \ 
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h is reduced, when & body has ariained its final velociiy, ro less 
than one half of wliai it was at first. With regard to different 
degrees of velocity in moving Jwdies, it is a general principle, ' 
that (A< friction is the same for oil velocities ; ihal a carriage, 
for example, in travelling from one place to another, would en- ' 
counter the same resistance From friction, whelher it performed 
the journey in one hour or in ten. The amount of frietioB, 
however, is augmenied in very slow motions, "and greatly di- 
minished in those that are very swift. In this instance, ihe 
increase in the one case and the diminution in the other, appears 
to have some relation to the principle, thai the friction of bodies 
is increased by iheir remainmg in contact. From some ohser- 
vationa of Professor Playfair, made at the slide of Alpnach, 
where large fir trees are carried with great velocity down an 
inclined plane eight miles in length, it would appear, that in 
the case of very great velocities, friction is not, according W 
the common doctrijie, either proportioned to the pressure or 
independent of ihe velocity ; but that the ratio to the pressuts 
is greatly diminished, and the actual resistance is far less than 
at common velocities. Thus, none but large trees could de- 
scend the plane at all ; and when a tree broke into two pieces, 
the larger pan would proceed while the smaller would stop ; 
and the trees acquired in their descent a rapidity of motion, 
incompatible with the supposition thai " friction acts as a uni- 
formly retarding force," which has been considered as an es- 
tablished principle. 

The foregoing considerations are in favor of rapid travelling, 
whether on common roads or on railways, since tlie amoimt of 
the resistances is so much less than in slow movements; and 
accordingly it is said,that the great speed given to stage coaches 
in England, amounting in some instances to ten or twelve miles 
per hour, has not been attended with the degree of exhaustion 
to the teams that would have been anticipated. 

233. The laws of friction in roWino- bodies are ascertaraed 
by comparing the forces necessary to roll a cylinder upon a 
table under various circumstancea ; and by similar experi- 
ments are found the modes in which friction takes placrin 
giving on an axis. The comparative loss of power 
which takes place in these three cases, is as follows : 
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on or the BlidLng body ia equal to i Ute pmsure or 25 

on of the rerolvJDg body . ^ . . 15 per ceot. 

rolling do, 5 

case of hollow cylinders revolving od an uis, Ihe lev- 
the wheel aids in overcoming friction. Let. Fig. 63, 

t a bectioD of the wheel and axle. I^et Fif. 63. 

: center of the axle, and let BE be the 

cylinder in the nave of the wheel 

I the axle is inserted. If B be the j 

vhich the axle presses, and the wheel I 

he direction NDM, ihe friction will \ 

in the direction BF.and with the lov- 

C. The power acta ag^iinst [his at 

direction DA, and with the leverage 
ie therefore evident, that as DC is 

than BC, in the same proportion does the power h< 

cbanical advantage over the friction. On this priiici- 

iportant advantage la sometimes gained in machiiioi by 

ing the friction from one point to another, as from the 

rence'to the axis of a pulley. 

Frietion Wheels, a contrivance by which friction is di- 
I in the greatest degree poaaible, owe their efGcacy in 
le operation of the same principle. Here the axis of 
instead of revolving in a hollow cylinder, or instead of 
iigainst a £xed surface, rests, at each of its extreniitiei, 
rcumference of two wheels placed close by (lie aide of 
er, with their circumferences intersecting. The axis 
ihe point of intersection, and as it revolves, the wheels 
rilli it with the same velocity, and thus all friction be- 
em and the axis is prevented, and what remans in the 
in consequence of the weight of the vf heels ihemeeLves, 
irred to their axles, and therefore is diminished, in the 
he diameter of one of the wheels to that of its axis. 
nbinatioD may be repeated by several pairs of friction 
Eight wbeds would contract the friction to the thou- 



3lber more common methods of diminishing friction 
jndering the surfaces aoKwth, by using rollers, and by 
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lubricating the pnrls in contact. The amount of friction in 
the several mechanical powers is very diilereiit. Iii the Lner 
il ia ver^- small, eapectally when the turning edge is of barrell- 
ed steel and shaped like a knife or prism, and turns upon i 
hard and smooth basis. The Wheel and Axle,aciingnponihe 
same principle as the Lever, occasion but little friction. The 
stiffness of the cordage, however, and the friction of the gudg- 
eons of the axis have an effect in most canes equal to abouifi 
or 10 percent, of the entire resistance. The Pulley is atiend- 
ed with great loss from this source. It is rarely less than20 
per cent and often exceeds 60. The Inellned Plane invoWes 
but lillJe friction when bodies simply roll on It ; but when hea- 
vy bodies rest on axes, as in wheel carriages, the resistsjue 
from friction takes place in the same manner as upon plane sur- 
faces. The transportation on inclined planes, as railways, it 
usually by means of wheels, since the resistance to sliding 
movements is too great to permit the use of tbem. The Screw 
is attended with a great deal of friction. Those with sharp 
threads have more than those with square threads, and the end- 
less screw has mostof all. Inboih the Screw and the Wedge, 
the friction evidently exceeds the resistance ; otherwise thej 
would not retain their position. 

225. Friction ia not, therefore, in all cases to be considered 
BS unfavorable lo the operation of machinery. It is, in many 
instances, a highly useful force. Many structures, as those of 
brick and stone, owe no small part of their stability to the 
roughness of the materials of which they are composed; 
without this resistance, thci screw and the wedge would Iosd 
their efficacy, and the wheels could not advance, nqr contd 
animals walk on the ground ; and nails would lose their powo' 
of binding separate parts together. The art of polisliing sDr- 
faces depends on the same cause, and the edges of most cut- 
ling inBtrumenta are saws, the teeth of which are more or len 
£ne, and act on a similar principle. Even in certain rotary miv- 
tiouR, friction becomes a rnoving force and urges a body in 
particular directions contrary to the force of gravity. 

What are ihe meihodB of (lioiinishing friclion ? Specify the comptf 
Ihe ia'^lined plane, the screw, and ihe wedge. Ib the fiiciion »1»ayi to 
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CHAPTER I. 

OF FLUIDS AT REST. 

1226. The principles of Mechanics, demonstrated and ex- 
plained in the foregoing pages, are universal in their applica- 
tion, extending alike to all bodies, whether solid or fluid. But 
in addition to those properties which fluids have in common 
with solids, and which bring them under the general laws of 
Mechanics, they have also properties peculiar to themselves, 
which give rise to a distinct class of mechanical principles, 
not applicable to solid bodies. These are embraced under the 
beads of Hvdrostatics and Pneumatics, the former division 
comprising the doctrine bf liquids, and the latter that of aeri- 
form bodies or gases. 

227. A FLUID is a body whose particles move easily among 
themselves, and yield to the least force impressed ; and whiehy 
when that force is removed, recovers its previous state. 

Since water, wind, and .steam, are the only fluids that are 
voally employed as mechanical agents, the doctrines of Hy- 
drostatics and Pneumatics, have regard chiefly to them ; but 
the principles established respecting these, are applicable also 
to all analogous bodies. 

It has been usual to denominate liquids and gases respective- 
ly elastic and non-elastic fluids, on the supposition that water 
and other liquids are nearly or quite incompressible. An ex- 
periment peiformed by the Florentine academicians, as long ago 
18 1650, seemed to prove that water is wholly incompressible. 
They filled a hollow ball of gold with water, and subjected it 
to a strong pressure. The water, not yielding to the compres- 
lion, oozed through the pores of the gold. Considering the 
great density and compactness of this metal, the experiment 
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Utdrostatics. — To what bodies do the principles of Mechanics 
tfiply ? What is said of the peculiar properties of fluids ? To what new 
lieadi do these properties gire rise ? Define a fluid. What fluids are 
employed as inechanJcaJ agents f Are liquids elastic oc XkOw-^V^kCvK.'^ 
Ihatioa the experiments of the Fiorentiae acadecnicianft. 
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WB9 for a long time held ns proving decisively that water i> 
wholly incompressible. Although this experiment shows (tai 
vaier is compressed with great difficulty, yet later experiments 
have proved, thai it is still capable of compression. The nml 
decisive evidence of this point has been recently afforded by 
the experimenia of Mr. Perkins. It had been previously «■ 
certained, that by a pressure equivalent to that of the atim*- 
phere, or about fifteen pounds lo the square inch, water is com- 
pressed about one port in twenty-two ihouaand. Mr. Pet^Jn, 
by methods lo be described hereafter, applied successive de- 
grees of pressure up to that of two thousand atmospheres, and 
found the comraction of volume 10 increase nearly ia thenlia 
of the compressing force. 

228. HvimosTiTics M Ihnt branch of Natural Pkiloiffphy 
akich treats of the mechanical properties and agencies ofu- 

229. Fluids at rest press equally in all direeliona. 

A point in a mass of fluid, taken at any depth, eTerta ancl 
Buataina the same pressure in all directions, upwards, dowD' 
wards, or laterally. This is the most remarkable property of 
fluids, and is what particularly distinguishes tiiem from solids, 
which press only downwards, or in the direction of grarily. 
This properly naturally results from the freedom of motion 
that Bubiiists between the particles of fluids ; for if, when a 
Suid is at rest, the pressure on any given portion were not eqaa! 
in all directions, that portion would move in the direction in 
which the resistance was least. But by the supposition il does 
not move : therefore it is kept at rest by equal and contrary 
forces acting on all sides. But the moat satisfactory cTidence 
of this truth is obtained from experiment. On opening an ori' 
iice in the side of a vessel of water, and estimating the force 
with which the water issues, it is found to be equal to the 
weight of the incumbent fluid ; and the upward pressure of 
water at a certain depth is found to sustain the heaviest bodies 
when exposed to its action alone, the column above the bodies, 
and of course the downward pressure, being removed. 
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330. •$ gioen pnstHTe or blow impretsed on any portion of a 
Mom of voater confined in a vesstl, it dittributed equally through 
Sparta of tie mast' 

A given preseure, as thai made by a plug forced inwards 
Upon a squafe inch of the surrace of a fluid confined ia a vea> 
ael, is suddenly communicated to every equate inch of the 
Tessel's surface, however large, and to every inch of the aur- 
bcG of any body immersed in it. Thus, if I attempt to force 
I cork into a vessel full of water, the pressure will be felt, not 
merely by the portion of the water directly in the range of lbs 
cork, but fay all paria of the mass alike ; and the liability of 
the bottle to break, supposing it to be of uniform strength 
throughout, will he as great in one place as another; and a 
bottle will break at the point where il happens lo be iveakest, 
however that point may he situated relatively \o the place 
where the cork ia applied ; and the effect will be the same 
whether the stopper be inserted at the lop, the bottom, or the 
side of the vessel. 

231. It is this principle which operates with such astonishing^ 
effect in the Hydrostatic Press, by means of which a single 
nan can exert a force equal at least to 25000 Ib^. and adequate 
to crash the hardest substances, or cut in two the largest ban 
of iron. Its construction is as follows. Fig. 64 represents a 
press made of the strongest timbers, the foundation of which 
IS commonly laid in solid masonry, 
AB is a small cylider in which Fig. 64. 

moves the piston of a forcing pump ; 
and CD is a large cylinder in which 
abo moves a piston, having the up- 
per end of its rod pressing against 
a movable plank £, between which 
and the large beam above, is placed ^ 
the substance to be subjected to 
pressure, as for example a pile of 
new bound books- By the action 
of the pump handle, water is raised 
into the small cylinder, and, on de- 
pressing ^e piston, it is forced 

through a valve at D into the larger cylinder, and raises the 
piston D, which expends its whole force on the bodies confined 
at E. Now, since whatever force is applied to any one por- 
tton of the fluid, extends alike to every part, therefore the 
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force which ie eserted by the pump upon the smaller ci 
is trnnBRiiUed unimpaired lu every iticli of the larger coll 
and lends to raise [lie movable plank £ with a Ibrce as n 
greater, in the aggr^aie, ihan that impressed upon the suHace 
or the smaller, as this surface is smaller thau that of (he largn 
column ; or {which is the same ihing) as the number of sijuate 
inches in the end of the piston B is less than that of the pisCos 
D. The power of such a machine is enormously great ; for, 
Bupposing the hand to be applied at the end of the handle, wilS 
a. force of only ten pounds, ami that this handle or lever is so 
constructed as to multiply thai force hot five limes, the force 
with which ihe smaller piston will descend will be equal to 50 
Ihs. ; and let us suppose that the head of the larger piston con- 
tains the STiialler 50 limes, then the force eserled to raise (he 
press board, will equal 2500 lbs. A man can indeed easily 
exert len times the force supposed, and can therefore exert a 
fi>cce upun the subslttnce under pressure equal to 25000 lbs. 

232. The rationale of the principle of the Hydrostatic Press, 
will be best understood by recurring to the doctrine of Virtual 
Vtheities. It will be recollected that opposite forces are in 
equilibrium when their momenta are equal ; that a small power 
may be made (o balance a great weight, by making il move, in 
a given time, over a apace as much greater than the larger does, 
as its weight is smaller ; and that it may be made t^i overcome 
thai resistance or weight, and give motion to it, Lf its Telocity 
is greater than that of the latter in a still higher ratio. Now 
to apply these principles to the ease before ua, it is evitleot 
that any qnantiiy of water farced out of the smaller into the 
larger cylinder, must rise in the latter as much slower as tiie 
area of the horisontal section is larger. If, for example, the 
capacity of the larger cylinder were ten times ihat of the 
smaller, then a quantity of water one inch in height, trans- 
ferred from the smaller to (he greater cylinder, would occiqiy 
only the height of one tenth of an inch, and consequently the 
depression of the small piston one inch would raise the large 
one only the tenth of an inch. This case, therefore, resolves it- 
self into that general principle, according to which a vast force 
ia exerted through a short distance, by moving a small force 
through a distance much greater. The exertion of a power- 



Bian <■»«! «1<t) 
. oHatic Pttui 
T/irniigh bnu- mucb loss Sjiace docs tli« BuW i\m io 'A\e lai^ec ttiin inthj^H 



P£17tDt AT 'R18T. f 3(BF 

Hence it appears that at the moderate depth* of 64 feet, itxe 
pressure of a column of water on the bottonr or sides of the 
containing pipe, becomes 4000 lbs to the square foot ; and the 
pressure on the bottom of the sea, where it is one mile in 
depth, is 330,000 lbs. to the square foot, and where it is five 
miles deep, that pressure is no less than 1,650,000 lbs* From 
these considerations we may readily apprehend the cause of 
the great difficulty experienced in confining a high column of 
water ; and hence also may be inferred the immense pressure 
that is exerted on the bottom of the sea. 

337. Indications of this vast pressure in deep waters, are 
manifested by several interesting facts. It has long been 
known to mariners, that if a common square bottle be let 
down into the sea, its sides are crushed inwards before it has 
reached the depth of ten fathom. If a stronger bottle, (a com- 
mon junk bottle, for example,) be filled with water, corked 
close, and let down to a certain depth, either the cork will be 
forced inwards, or if that is secured in its place, the salt water 
will make its way into the bottle in spite of it, either by com- 
pressing the cork, or by forcing in water through it. It was 
by sinking an apparatus to the depth of 500 fathoms, that Mr. 
Perkins first proved the compressibility of water, as mentioned 
in Art. 227. The apparatus consisted of a hollow brass cyl- 
inder, resembling a small cannon, and furnished with a stopper 
so contrived as to indicate, when the apparatus was drawn up, 
how far it had been driven in while at the lowest depth. The 
same experiments were afterwards repealed on shore, a pres- 
sure being applied to the plug, by means of the hydrostatic 
jH'ess, equivalent to 2000 atmospheres. 

The increase of pressure in proportion to the depth of the 
fluid, renders it necessary to make the sides of pipes or ma- 
sonry, in which fluids are to be contained, stronger the deeper 
they go. The same remark applies to dams, flood-gates, and 
banks. 

238. At the depth of 1000 fathoms, the compression of wa- 
ter is one twentieth of its bulk, and its specific gravity is in- 
creased in the same ratio ; so that bodies which sink near the 
surfac e of the sea, may float at a certain depth before they 

State examples of iodicaiious of this vast pressure at different depths. 
Case of a junk bottle-* experiments of Mr. Perkins. How great a pres- 
sure did Perkins apply by means of the hydrostatic press? In what 
parts do cisterns require to be made strongest ? What is the compresstoa 
of water at the depth of lOOO fathoms ? 
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(each the botion. On the other hand, a porous body, ibu is 
light enough to float near ihe surface, will have so iwch 

valer forced into its porea, when it is sunk lo a great depth, 

IB never to rise. This is the case with ships that are wreckft! 

n deep water ; the parts of the wreck do not rise lo the surikn, 

IS they do tn shallon' water. 

339, When a portion, as a square foot, of ihe lateral surfiCB 
)f a column of water, is taken, all parts of it are not equally 
distant from the surface of the fluid ; and, in this case, the 
average depth, or (which is the same thing) the depth of the 
center of grmiityy is to be understood according to the foQan- 
ifl^ proposition, which applies to every sort of surface, howeTSr 
inclined to the horizon. 

The pressure of a fiuid against any s^trface, in a direeim 
ferpendiailar to it, varies as the area of the surface multipUld 
Ht(o the depth of its center of gravity below the surface of thi 
f ^*<^- 

Hence, the pressure on the side of the cubical vessel, filled 
with fluid, is one half the pressure against the bottom ; and the 
whole pressure against the sides and bollom, is equal to IbieC 
times the weight of the fluid of the vessel. fig. G6. 

240. Fluids rise lo the same level in tk'-. 
I bpposite arms of a recurved tube. 

Let ABC, (Fig. 66,) be a recurved tube : 
if water be poured into one arm of the lube, ' 
it will rise to the same height in the oihor 
arm. For, by Art. 235, the pressure upon 
the lowest part at B, in opposite directions, 
is proportioned to its depth below the surlace 
of the fluid. Therefore, these depths must 
be equal ; ibat is, the heights of the two 
columns must be equal, in order that the 
fluid at B may be at rest ; and unless this 
part is at rest, the other parts of the column 
cannot be at rest. Moreover, since the equi- 
librium depends on nothing else than the 
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•fill force through a small space, is usually what is required in 
a press ; and since this force acts with far less loss by friction 
than the screw, it is proportionally more efficacious and eco- 
BOfflical. 

233. The surface of a fluid at rest is Iiarizontal, 

The evidence of the truth of this proposition is threefold. 
lirst, this result is a natural consequence of the mobility of 
fluids, since, if any portion is raised above the rest, having 
nothing to support it, and being acted on by gravity, it must 
descend in the same manner as a body placed on a perfectly 
smooth inclined plane. Secondly, whenever a body is free to 
move, its center of gravity will descend as low as possible. 
When, therefore, any portion of a fluid is raised above the gen- 
eral level, the center of gravity of the mass is raised, and it 
must return before the fluid can be at rest. Thirdly, experi- 
ence shows that the proposition is true, since fluids, when free 
to move, always settle themselves with their surfaces parallel 
to the horizon. It must be understood, however, that the sur- 
face of large bodies of water is not, strictly speaking, a hori- 
zontal level, but is a portion of the convex surface of the earth ; 
for since the center of gravity of every portion of the fluid 
•will descend as low as possible, the whole will dispose itself 
around the center of attraction so as to form a portion of the 
earth's surface. For small distances the curvature is so slight 
that it may be neglected, not amounting to one second of a de- 
gree for 100 feet ; and for the distance of a mile, the deviation 
from a straight line, drawn in the direction of a tangent, is not 
more than 8 inches. 

234. A practical application of this principle is made in the 
art of levelling. A level is sometimes made by merely cutting 
a groove or channel in a flat piece of board and filling it with 
water. When the board is brought into such a situation that 
the water in the groove remains stationary, the position is ho- 
rizontaL But the spirit level is the instrument more commonly 
employed for this purpose. This con&ists of a small cylindri- 
cal tube of glass, from two to six inches long, fllled with spirits 
of wine or et her, except a small space, which is occupied by a 

Why is this force more efficacious and economical than thescrew.^ 
How is the surface of a fluid at rest.^ What evidence have we that a 
fluid at rest is parallel to the horizon. Are the surfaces of large bodies 
of water horizontal planes.' What is the actual figure of the surface? 
What is the deviation from a straight line in 100 feel? Uovi \f\uc:Vv vcw ^ 
■nle? On what is the art of ie veiling founded^ l>e«cu\^« X\i« ^^V«t 
JlereJ — also the spirh level, 
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ivable bubble of air. When such a tube Is placed horizan- 

■Uy, the bubble of air will remain atHtionsry in the center or 

be lube, al a fixed mark ; but wheneirer the tube is inclined, in 

Ibe leasi degree, the bubble will ascend towards the elevated 

~ ' 't levels are much used for adjusting aalronomical, 

I'tnrveying, and other delicate instruments. 

335. THe pressure upon any particle of a fluid of k 
'ensitij, is proportioned to its depth below the surface. 

TbiiB in Fig. 65, the pressure 

(erted by the fluid at difTerent 

iplhs, as X and y, is found to be 

racily proportioned to their depth 
belov the surface, so that if ^^ be 
twice as deep as jc, a body aty &{■ 
vonld sustain twice us much pres- 
Wire as at «. But since the iucli- 

A column AC ac, is of the same 

rpendieulai" height as the erect 

bran A BCD, both exert the 

me pressure on the base AC. 

230. According lo Art. 229, the lateral is equal to the down- 
ward pressure ; and consequently on Ibis principle may easily 
le estimated tlie amount of pressure on the sides of any column 
r water, or ou the banks of rivers, canals, &c. At the deplli 
( 8 feet,, the pressure on a square fool is equal to the weight 
if a column of water, whose base is I foot and depib 8 feel, 
ad consequently its solid contents 8 cubic feel ; and since 1 
njbic foot of water weighs 1000 ounces, or fi2i lbs. therefore 
be weight of the columii=8x62i=500 ibs. Hence ihe 
iressure on a square foot, at ctlflercnl depths, will be as in Ibe 
iillowiug table. 




. 500 Iba. 

- 1000 

- 1500 

- 2000 

- 2500 

- 3000 

ir 5280 feet, - 



55 



- - - ■ 3500 lbs. 

- - - - 4000 

- - - - 4500 

- - - - 5000 

- - - - 5500 

- ■ - - 6000 
330,000 lbs. 

1,650,000 
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htights of the respective columnB, therefore, the opposite col- 
UQiDS may differ to any degree in quantity, shape, or inclination 
lo ihe horizon. Thus, if vessels and tubes very diverse in shape 
and capacity, as in Fig- 67, he connected with a common reaer- 
rig. 6T. 

voir, and water be pnured into any one of them, it will rise lo 
Ihe same level in them all. 

The reason of this fact will be farther understood from tbe 
application of the principle of Virtual Velocities, (Art. 179.) ; 
for il will be seen thai the velocity of the columne, when in 
motioD, will be as much greater in the smaller than in the 
larger columns, as the quantity of matter is less ; and hence 
the opposite momenta will be constantly equal. 

241. Hence, water conveyed in aqueducts, or running in 
natural chaonels, will rise just as high as its source. Between 
the place where the water of an aqueduct is delivered and the 
spring, the ground may rise into hills and descend into valleys, 
and the pipes which convey the water may follow all the undu- 
lations of the country, and the water will run freely, provided 
no pipe is laid higher than the level of the spring. Walers 
ninning in natural channels in the earth are governed by the 

242. The aqueducts constructed by the ancient Romans, 
were among ilie most costly ornaments of iheir arts. Several 
of them were from thirty to one hundred miles in length, and 
consisted of vast covered canals, built of stone. They were 
carried over valleys and level tracts of country upon arcades^ 
which were sonielimes of stupendous height and solidity. From 
ihe fact that the ancients built aqueducts with so much labor, 
raising them to a great height in crossing yatleys, instead of 

Dofs iliesliBpe of llie vaetel mnkf any diftetence! ftoii vi n^nsfti^ ul 
Dig beighi In rcsieli of rarjnui flguree to be explaioe* '- ttow \tt'fr ■"''^: 
Mierr/se in HquedUQUf Gi^ an BccQunl of ttia Wi>J«ft«.0.1 ol *» " 
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availing themselves of the principle under consideration, i 
have supposed that they were unacquainted with this princ 
It appears, nevertheless, ihat they were acquainted with it 
even understood the use of pipes in conveying water ; but 
bably the expense of pipes, and the difficulty of making 
strong enough to resist the pressure when laid at a cons 
able depth below the source, prevented their general u 



343. The pressure upon the Aorisantal base of any' 
containing a fluid, is egual to the weight of a column 
fluid, found by mukiplying the area of tile base into tt 
pendimtlar height of tie column, whatever ba the shape 
vesieL 
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This follows from ArL 339, since, here the distance o 
center of gravity from the surface of the fluid, is the snr 
the perpendicular height of the column. With a given 
and height, therefore, the pressure is tbe 
Teasel is larger or smaller above, whether 
«r irregular, whether it rises to the give 
open funnel, or is carried up in a slender 
quantity of aaler, however small, may be 
guantily, however great. This is called the 
Jtydrostatic paradox. The esperiment is 
usually performed by means of a water 
bellow*, as is represented in Fig. 68. When 
the pipe AD is filled with water, the pres- 
sure upon the surface of the bellous, and 
consequently the force with which it raises 
the weights laid on it, will he equal to the 
Tveight of a cylinder of water, whose base 
is (he surface of the bellov.'s, and height 
that of the cdumn AD. , Therpfore, b\ ma- 
king the tube small and the bellowi^ large, 
the power of a given quantity ol water, 
however small, may be increased indeh- 
nitely. The pressure of the column of wa- 
ter in (his case corresponds 10 the force ap- 
plied by the piston in the Hydrostatic Press, 
(Art. 231.) and the espianation according to 
the principles of virtual velocities, is the 
same in both cases. 

H'iij rftii ihf.y 11(11 convoy wniet in pipes ? To » 
tbe hurizoatil bale of any veste\ tnnaiiunj a fiviv 
bjdrastitic parados ! How is the expciimEnt ?f 
ipp^ratat. 
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244. The principle of the Hydrostatic Paradox, is sometimes 
semplified in ponring liquids into casks, through long tubes 
nserted in the bung holes. As soon as the cask is full, and the 
WRier rises in the pipe to a certain height, the cask bursts with 
iolence. The same cause is supposed sometimes to produce 
;reat effects in nature, such as splitting rocks, heaving up moun- 
ains, and other effects resembling earthquakes. For, suppose 
hat in the interior of a mountain there were an empty space, ten 
^ards square, and only an inch deep, in which water had lodged 

as to fill it entirely ; and suppose that a crevice in the earthi 
hould extend from this spot 200 feet above, which sh^d also 
•ecome filled with water by rain or otherwise : the force exerted 
7ou\d be adequate to shake the mountain, and perhaps rend it 
sunder. 

245. Although the weight of a given quantity of water vnll 
ot be altered by varying the shape of the vessel, yet the pres- 
ore which it exerts on the bottom of the vessel will be greater in 
roportion as the altitude of the mass is greater, and of course. 
reater in a narrow vessel than in a wide one. If it be asked 
^hy the weight is not increased as the downward pressure is 
icreased, the answer is that the pressure in that direction is 
xactly counterbalanced by an equal pressure in the opposite 
irection. 

Specific Gravity. 

246. Tlie Specific Gravity of a body, is its weight compared 
iih the weight of another body of the same bulk, taken as a stand- 
rd. 

Water is the standard for all solids and liquids, and common 
ir for the gases. Therefore, the specific gravity of a solid or 
liquid body is the ratio of its weight to the weight of an equal 
olume of water ; and the specific gravity of an aeriform body, 
i the ratio of its weight to the weight of an equal volume of air 
(ut a ratio is expressed by a vulgar fraction, whose numerator 

1 the antecedent and whose denominator is the consequent. If 
lerefore, the weight of a body is made the numerator, and the 

What effect is produced by pouring liquids into casks through long tubes? 
fhat eflfects in nature are supposed to result from the same rause P Can 
given quantity of water exert a pressure in a vessel greaterthan its own 
reight? Define Specific Gravity. What substance is the standard for li- 
sidi aod solid* ? What for bodies in the form oC«u I Ho'W \ft \!taA i^M6f-> 
ogrtivitf oftL bodjrexpna§ed by a fracUoa ? 
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-eight of an equsl volume of water the denominator, llie vdno 
of the fraction, that Is. the quotient, will express the specific 
gravity of the body. Hence, the weight of a body being giTEO, 
and being made the numerator, every process for finding the 
specific gravity consists in finding for the denominator the weigtil 
of an equal bulk of water or air. The principles upon whichlhe 
methods of doing this depend, are now lo he esplained. 

^-l?. A body immersed in ajlaid, loses as much weight as w 
ejtiai lo the weight nfan equal volume ofthefimd. 

Let EF (Fig. 69.) be a solid 
body immersed in a vessel of wa- 
ter or any fluid, and suppose it di- 
vided into an indefinite number of 
perpendicular coiunms, reaching 
to the surface of the fluid, as mo n. 
Now the upward pressure at n is 
-as ita depth, and the downward 
pressure at o as its depth ; therefore 
the upward pressure exceeds the 
downward, by the weight of a column of water equal to no. 
The same is true of all the columns, however numerous they 
may be, that can he drawn parallel to n o ; but these columns, 
taken collectively, make up a body of water equal in bulk lo the 
solid. Hence, the solid is pressed upwards, more than down- 
wards, by the weight of a quantity of water of the same magni- 
tude, and consequently loses so much of its weight. Hence, 
the specific gravity of any solid body that will sink in water, is 
r ibund by the following 

Rule. — Divide the toeight of a boSy by its loss ofvxigM W 




348. When the body whose specific gravity is required is 
lighter than water, as cork, for example, the object is still to find 
tiie weight of an equal bulk of water, since that will constitute 
the dejiominator, or divisor, as before. To ascertain this, sub- 
peod anyheavy body, asamass ofleadorglass, in water and find 
its weight. Attach lo it the lighter body. Now the cork will 
slonly lose all its own weight, but will diminish the weight, of 






w6yfiguM69. ( 



sebybe 
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ie heavy body ; and the weight of an equal bulk of water will 
e indicated by the whole of what the cork loses, namely, its 
wn weight added to the loss occasioned to the other body. 
Vlience we have the following 

Rule. — ^To find the specific gravity. of a body lighter than 
rater. Divide its weight by the sum of its weight added to the 
jss of weight which it occasions in a heavy body previously bal' 
inced in water, 

249. A solid which is soluble in water, as a lump of salt, is 
protected from solution by smearing it with oil or a thin coat of 
»ee8 wax ; and solids that are very porous and would absorb 
rater, and thus increase their specific gravities, as certain kinds 
f wood, are first covered with varnish. The specific gravity 
if solid substances, which are too minutely divided to be 
reighed in water separately, as grains of sand or shot, may be 
Dand by weighing them in a small bucket.previously balanced 
II water. 

260. The specific gravity of liquids may be ascertained by 
.everal different methods. 

Rule 1. — Weigh equal volumes of the liquid > and of water 
md divide the former result by the latter. 

Rule 2. — Ascertain the loss of weight of any solid body, first 
n the liquid and then in water, and divide the former result by the 
otter. 

Both these rules obviously depend upon the same principles 
IB those explained in Art. 246, the weight of the liquid being 
mmediately compared with that of an equal bulk oi water ; but 
here is another method, founded on the following proposition. 

251. Two columns of fluids of different specific gravities, pres- 
ing freely on each other at their bases, balance one another when 
heir heights are inversely as their specific gravities. 

Let AB (Fig. 70.) be a recurved tube, and let the height of 
he column of the fiuid B be as much greater than that of A, as 

G\re the rule — How do we proceed when the body would be dissolved 
■ water ? Give the rule for finding the specific gravity of \v\\M. W^u 
lo two Huidf of diikreni specific gravities balance evicYi qxYi%i \tk ^ \^* 
arred tube? 

13 
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Ae fluid B is lighter than the fluid A ; the two 
coluRins will then be in equijibrio. 

Iflhe tube be ofuDiform bore throughout, then 
the proposition is manifestly true, because the 
qiianiilies of mstier pressing on each other in 
opposite directions will be equal, and will have 
equal momenta; but from the peculiar nature of 
fiuids, (Art. 235.) the opposite pressures will be 
the same, when the heights of tlie columns ate 
the same, whatever may be the shape or capacity 
of the tube. If we introduce mercury into one 
snn of the tube and waterinto the other, the grad- 
uated scale will indicate that the water stands 
1 3 j times as high as the mercury. Therefore, 
ihe specific gravity of mercury is 13i, Proof 
spirit will stand at .923 ; sweet oil ai.915; and 
their specific gravities are the same, water be- 
ing I. 

252. If a lodyfioats on ajlaid, it displaces as 
much of iht fluid as is fgaol to its own vxight. 

If into a vessel full of water a floating body, 
as a piece of wood, be introduced, the quantity 
of water displaced will be found to be ex.ictly ecpal in weight 
to the body. Or if the vessel full of water be accurately bal- 
anced in a scale, and then removed, and the piece of wood 
introduced, the vessel, on restoring it to the scale, will biHI 
remain in equilibrium, the wood exactly compensating for die 
water it displaced. 

253. An accurate knowledge of the specific gravitiea of 
bodies, is of great nse for uiauy purposes of science and the 
arts, and they have therefore been determined with the greatest 
possible precision. The heaviest of all known substances is 
platina, whose specific gravity, in its state of greatest conden- 
BBlion, is 33, water being 1 ; and the lightest of all pondera- 
ble bodies is hydroRcn gas, whose specific gravity is 0.73, 
common air being 1. By calculation, it will be found that 
platina is about 247,000 times as heavy as hydrogen, and 

llluslrale bj figure JO. When n bndy finals on n fluid, how much of 
the fluid dopsit ciiMplacB? How \a ihii fuel proved by Bipotimcni,' Whnt 
ii the OBB of deteimintng the specific gravity of bodies? Whm i> ths 
beavieatofnDknoviabo^M: What iuhe li^luest; How much hen vici ii 
platina than lijdfogen ? 
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( a wide range is allowed to the various bodies which lie 
sen these extremes. The metals, as a class, are the hea- 
bodies ; next to these come the metallic ores ; then the 
>us gems ; and finally, minerals in general, animal, liquid 
egetable substances, in order, according to the following 

s, (pure,) not including the bases of the alkalies 

- 5 to 22 

- 7.84 
. 7.78 

- 7.29 

- 7.00 

lie Ores, lighter than the pure metals, but usual- 
above 4.00 

7US Gems, as the ruby, sapphire, and diamond, - 3—4 
'dUs, comprehending most stony bodies, - - 2 — 3 
is, from ether highly rectified to sulphuric acid 
hly concentrated, ------ | — 2 

in general, heavier than water. 

do. lighter ; but the oils of cloves and cin- 

Qon are heavier than water ; the greater part lie be- 
len.Oandl. ------ .9-r-i 

1.032 

ol (perfectly pure,) ,797 

, of commerce, ------ .835 

Spirit, .923 

i', the specific gravity of the lighter wines, as 

impagne and Burgundy, is a little less, and of the 

vier wines, as Malaga, a little greater, than that 

water. 

s, cork being the lightest and lignum-vitse the hea- 

jt, - - itoU 

:. If we balance, in a pair of scales, a tumbler filled 
water to a certain mark near the topv and then turn* 
t all the water except a small quantity, introduce any 
)ody, (as a tumbler a little less than the first,) so as to 
he water on the sides to the same mark as before, the 
>rium will be restored. Here, the space occupied by the 



t is the heaviest class of bodies .^ What the next ? Name other 
in order. Give the specific gravities of various classes of bodies, 
ir aJs, 1 iq u ids, &c. Reci te the experiment vUVv «i X.Viioi\3\^t ^Ini Va\ 
a certain mark, &o. ^ 
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solid immeraed, is the tame with that bEfore occupied by the 
valer. On the same principle, a ship is floated in a dock with 
a very small quantity of water, and still rides as freeJy as oa 
the ocean. By the ascent of the water on the sides, the up- 
ward pressure on the bollom is increased, on ihe same princi- 
ple as in the Hydrosiaiic Paradox, (Art. 243.) Though, in this 
case, we cannot say that a quanlity of water is displaced cqnd 
in weight lo ihe solid, (since the whole of the water originally 
in the vessel may not have been nearly sufficient to fill tlie'space 
occnpied by the ship,) yet ihe effect is the same, in regudto 
the pressure on the water below the ship, and of course on the 
Upward pressure, (Art. 329.) as though the space occupied by 
the ship below the level of the fluid on its sides, were flUed 
with water. On this principle, the weight of a loaded boat in 
the lock of a canal is easily estimated. 

Boats are sometimes made of iron instead of wood, their 
thickness being so much less, that the entire weight of the boit 
is not greater than when made of wood. 

255. The human body, when the lungs are filled with air, 
is lighter than water, and but for the difficulty of keeping the 
lungs constantly inflated, it would naturully float. With a 
moderate degree of skill, therefore, swimming becomes a very 
■aay process, especially in salt water. When, however, a 
man plunges, as divers sometimes do, to a great depth, the ail 
in the lungs becomes compressed, and the body does not rise 
except by muscular effort. The bodies of diowoetl persons 
rise and float after a few days, in consequence of the inflation 
occasioned by putrefaction. Quadrupeds swim much more 
easily than man, because the motion of the limbs necessary » 
Buslain themselves, nearly coincides with their natural motions 
in walking, while the body maintains nearly its uaual posture. 

256. If a body is held beneath the surface ofafiajd, the font 
with ahick is vnll ascend, if it is lighter Ihau the Jliiid, or wilk 
vhieU it imll descend, if it is heavier, is equal lo eke difference 
between its own leeiglit and the wetght of an equal guanlili/ rf 
the fluid. 

WBti'rf How is Ihe weigluofaliiRHed boat eaiimmwd? Wh:iTls mid oE 
itan boBis ^ How dnei ihe weighi of the humnn body compare Kiih Ifail 
of watec ; Why do liie badins of drowned peiBanirio ? Why do quid- 
rupetls iwim more ea ail j ihsn men? Wiih nhat force will a body M^ 
IB iliB water endeavO! lo ascend oi Qoscen^''. ~^^H 
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On the foregoing principle is founded the construction of a 
nachine called the Camel, for raising sunken vessels, or for 
lifting ships over sand banks. Empty hogsheads or boxes sunk 
by means of weights which are afterwards detached, being 
fixed to a sunken ship, may give it so much buoyancy as to 
cause it to Ifioat. Suppose, for example, a hundred empty 
hogsheads were thus attached, what upward force would they 
exert! 

The number of gallons in a hogshead, 63, multiplied by 231, 
the number of inches in a gallon, gives 14553 inches ; which, 
divided by 1 728, gives 8.4 cubic feet in a hogshead. But a 
cubic foot of water weighs 62^ pounds. Therefore, 62.5 x 
8.4=525 lbs. = weight of a hogshead of water. 

Now 100 cubic inches of air weighs 30^ grains ; therefore, 
100 : 30i : : 14553 : 4438. 66= grains of air in a hogshead; 
or ^since 437.5 grs. equal an ounce) the number of ounces of 
air in a hogshead is 10.14. Hence 525 lbs. — 10,14 oz.=534 
lbs. 6 oz. nearly, for the upward force of an empty hogshead 
sunk in water ; consequently, the buoyancy of 100 hhds. is 
52437.5 pounds or almost 23 i tons. 

A similar effect is exhibited in rivers, where the ice is form- 
ed upon the stones at their bottom. Ice is specifically lighter 
than water, and therefore, when it accumulates to a certain de- 
gree around the stones, the upward pressure upon the stones 
exceed their pressure downwards, and they are brought to 
the surface, having been sometimes torn up with great force. 
Huge masses of stone appear in many cases to have been 
floated by the ice adhering to them, and carried to a great dis- 
tance from the place of their formation. 

257. Rocks and stones being only a little more than twice 
as heavy as water, of course nearly half their weight is sus- 
tained while they are immersed in water ; and hence the in- 
creased weight which is felt when a large stone is lifted from the 
bed of a river, as soon as it reaches the surface. Large mass- 
es of rocks are transported with far greater facility by torrents, 
on account of their diminished weight. On the same principle, 
the limbs feel very heavy on leaving a bath. Life boats have 
a large quantity of cork mixed in their structure ; or of air-tight 



What Is the structure and principle of the Camel ? How are sunken ships 
railed by means of empty hogsheads ? What is the amount of buoyancy 
of 100 hogsheads ? State the eflfect of ice in raising large rocks. Why 
does a rock feel so much lighter in the water than out of it ^ State Oak% 
effect OB the hmbs ufter bathing. Structure of life boaU. 



vessels or lliin copper or tiD plate, so thai, even what lb? 
boats are filled with water, a cunaiderable part siill floats above 

the surface. 

258. The magnitudes of bodies may frequently be most con- 
veniently and accurately estimated from the doctritie of speci- 
fic graviiiea. Suppose we wish to ascertain tlie exact number 
of solid inches contained in a stone of rude and irregular shape, 
we sbould find great difficulty in applying to il any linear meaa- 
Drementsi but if we ascertain its loss of weight in water, we 
then have the weight of an equal bulk of waier, and dince 
1000 ounces contain 1728 cubic inches, we may easily find how 
many cubic inches correspond to the weight of water of equal 
magnitude with the body in question. For esample, when we 
want lo find the number of solid inches in a chain, the irregu- 
larity of its shape prevents our applying lo it any hnear meas' 
lire ; but if we weigb it in water, and subtract this weight fiojn 
its weiglit in air, the dilference gives us the weight of an cqinl 
bulk of water, which we can easily convert into solid mete). 
Suppose the chain loses 2.34 ounces by being weighed in 
water, then 

1000 oz. : I73B in, : : 2,34 oz. : 4.04 inches. 
Thai is, the chain contains a liiile more than four solid inches. 
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CHAPTER II. 
OF LIQUIDS OR NON-ELASTIC FLUIDS IN MOTION. 

259. That lirnncb of Natural Philosophy wliich treats of fii 
ids iit motion, is usually denominated Hydraulics. It embra- i 
ces the phenomena exhibited by water issuing from orifices in I 
reservoirs — projecled obliquely or perpendicularly — flowing in | 
pipes, canals, and rivers — oscillating in waves — or opposing * \ 
resistance to the ptogress of solid bodies. ' 

260, If a fluid TUna through any lah, pipe, or canal, mi 
keeps it constantly fuli, its velocity, in any part of its course, will 
he inversely as the area of the section at tltat part. 
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Thus> in a pipe of unequal bore, in different parts, it is ob- 
vious ' that the same quantity of water inust, in a given time, 
flow through the smaller parts of the tube as through the larger : 
it must therefore flow proportionally faster. 

261. This proposition supposes the fluid to move free of all 
resistance, and hence it can never hold accurately true in prac- 
tice. In every canal or river, the velopity of the surface is al- 
ways greater than that of any other part, being less retarded 
by the friction of the bottom and sides ; and in a tube, the par- 
ticles near the axis always move most rapidly. 

It is of consequence to avoid all unnecessary expansions, as 
well as contractions, in pipes or canals, since there is always a 
useless expense of force in restoring the velocity which is lost 
in the wider parts. 

262. The phenomena of Rivers have sometimes been ex- 
plained on the suppositioin that rivers are bodies failing freely 
down inclined planes. But the 'conclusions deduced from this 
doctrine, are so at variance with experience, as to be of no 
value. Were every part of the bed of a river uniform, like a 
tube, the channel or portion wbich moves with the greatest ve- 
locity, would be in the center of the surface ; but inequalities 
in the sides and bottom usually throw it out of the center^ and 
incline it to one side or the other. The increased velocity of 
a stream during a freshet, while the stream is confined within 
its banks, exhibits something of the acceleration which be- 
longs to bodies falling freely down an inclined plane. It pre- 
sents the case of a river flowing upon the top of another river, 
and consequently meeting with much less resistance than when 
it runs upon the rough uneven surface of the earth itself. The 
augmented force of a stream in a freshet, atises from the si- 
multaneous increase of the quantity of water and the velocity. 
In consequence of the friction of the banks and beds of rivers, 
and the numerous obstacles they meet with in their winding 
course, their progress is very slow ; whereas, were it not for 
these impediments, it would become immensely great, and its 
effects would be exceedingly disastrous. A very slight decliv- 
ity is s ufficient for giving the running motion to water. Three 

Does the foregoing proposition bold good tn practice ? Wb&t portion 
of a stream moves wiUi the greatest velocity ? How is it in a tube ? 
What is said of aU unnecessary expansions and contractions in tubes 
or caaals ? On what principles have the phenomena of Rivers been ex- 

Slifined ? Do the conclusions of the theory ag^ee wiih exi^t\«TkCA\ H)\ax 
\ the cause of the increased velocity of a iWw Aut\t\^ «t it«^«\t '^**«" 
gre*t a, declivity is necessary iu order just to gWe moX\otb\» 'v^XAtX 
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inches per mile, in a smooth, alraight channel, gives a velocity 
of about three miles per hour. The Ganges, wliich gathers the 
waters of the Himalaya Mountains, the loftiest in the world, 
at the distance of eighteeti hmidred miles from lis mouth, is 
only eight huniired feet above the level of the sea, — thai is, 
about twice the height of St Paul's church in London ; and 
to fall these eight hundred feet, tn its long course, the water re- 
quires more than a month. The great river Magdalena, in 
South America, running for a thousand miles between tvo 
ridges of the Andes, falls only five hundred feet ia all that 
distance. 

263, The velocilg with which a fluid issues from a small ori- 
fict in the bottom or side of a vessel, kept constantly full, it 
eyuoi to that which a heavy body would acquim, by falling Jrem 
the level of the surface to the level of the orifice. 

I In the conslruciion of water work*, it is customary to con- 

L duel Che stream, or such a part of it as is required, into a cu- 
I bical cistern, and to let it issue from the side of this, near to the 
■ bottom, and thus fall upon the main wheel. Instead of admit- 
ting the water to the wheel in this manner, it has sometimes 
been supposed that an advantage might be gained by letting the 
water fall down a height equtt to that of the top of the cistern, 
perpendicularly upon the wheel, on the supposition thai we 
might thus avail ourselves qI' the force acquired by the water iu 
falling. But according to the preceding proposition, ihe force 
would be the same whether (he water issued from the cistern 
and thus applied itself to the wheel, or whether it fell upon the 
wheel from a height equal to that of the surface of the water 
in the reservoir al»ve the orifice. This is true in theory ; but 
ia practice it would be found more advanUgeoua to take (he 
water out of the cistern, since the force of water falling through 
the air is considerably diminished by the resistance of the air. 

364. The quantities of water which issue from orifites of tht 
same dimensums, in the side of a cistern or column, are propor- 
tional to the square roots of their depths below the surface if 
the fiaid. 

What i( the velocllj- due lo b descpni of these iiiclies pec mite .' Uow 

high la the souree of ilie Ganges ahove ihe sea— the greBl river Mugia- 

lena f With what lelociiy does a fluid issue from the boilom at tide of 

■ vessel kept oaMnUf full f Ii it beiler to let water /d/J on a whtA 

cv issue from a ciflerD at the same [l(pt\ii ^h 
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According to the last proposition, the Telocities are eqnal to 
those acquired by bodies falling freely through the depths o^ 
the orifices ; but the velocities acquired by falling bodies are 
88 the square roots of the spaces ; that is, the velocities are 
proportional to the square roots of the depths ; and since the 
quantities must evidently vary as the velocities, therefore, the 
quantities discharged by orifices of the same size at different 
depths are as the square roots of their depths. 

Accordingly, an orifice sixteen inches from the surface, will 
discharge twice as much in a given time as one four inches 
deep : and in order to draw off from a given cistern four times 
as much as before, we must place the orifice or gate sixteen 
times as deep. A gate opened in a reservoir at the depth of 64 
inches, will discharge only four times as much as it would at 
the depth of 4 inches. 

265. If a cylindrical or prismatic vessel, of which the hori' 
gonial section is every where the same, is filled with fluid, and 
empties itself by an orifice, the velocity with which the surface de* 
scends, and also, the velocity vnth which the water issues, is uni- 
formly retarded. 

The velocity with which the surface descends is proportional 
to that with which the fluid issues from the orifice, and there^ 
fi>re is as the square root of the depth. But the velocities of 
bodies projected perpendicularly upwards are in the same ratio 
to their spaces, and therefore a body projected perpendicularly 
upwards, is in the same relative circumstances as the descend* 
ing surface of the fluid ; and as the projected body is uniformly 
retarded, the same is true of the descending surface. 

On this principle is constructed the Clepsydra,ox water-clock. 
Since the descent of the surface is uniformly retarded, the spa- 
ces which it describes in equal times, reckoning from the bot- 
tom, are as the odd numbers 1, 3, 5, 7, <fec. ; and if a cylindrical 
vessel of water be furnished with an orifice at the bottom which 
will exactly discharge the whole column in twelve hours, and 
the sides of the vessel be divided into spaces corresponding to 
the foregoing numbers, the successive heights of the column 
become measures of time. 



State the proportion between the respective quantities of water that 
ittue from orifices at different depths.** How much more water will an 
orifice 16 inches below the surface discharge than one only 4 inches ? How 
much more will a gate opened in a reservoir discharge at the depth 
of 64 inches than at the depth of 4 inches .' At what rate is the velocity 
of the surface of a fluid issuing from an opening \i\ «l '^qsacV t^\AX^%^\ 
JSgpJAia the structure of the water-clock, or Cle^^di^ 




266. If UK eeetifateiy mark the time in tehiek a cyliiidriail or 
prismatic vesfd, whose liorixORtal section is every wtiere the same, 
discharges tlsctflo the kvel of a given orifice, and tjien dr/m of 
for the same time, keeping the vessel constanlli/ fill, lue jW' 
obtain dtruble the quantity of fluid in the latter case as in ik 

When the vessel is kepi constantly full, the velocity at the 
orifice (a.Di] of course the quantity discharged) contiuues cnl- 
formly the same aa at tirst ; and since the circumstanceB of 
this case are exactly analogous to those of a body projected 
perpend iculariy upwards ; and since, if a body thiia projected 
lo continue lo ascend with the first veiociiy, it would pass 
a space twice as great in the same time as when uni- 
fonnly retarded ; therefore, the truth of the proposition is 
■nanifest. 

S67. A ftvid spouting from the side nf a vessel, deserihel 
Ike eiffue of a parabola. 

The fluid is precisely in the same eircumslancea as a pro- 
jectile acted on by the force of projection, (viz. the pressure 
of the incumbent fluid,) and by the force of gravity. There- 
fore, according to Art. 83, it describes the curve of a parabola. 
As in the case of other projectiles, the proposition holds good, 
whatever may be the angle of elevation of the jet. 

268. Wlien a fluid spouts from the side of a perpendievkr 
column, its random or hnrizonial distance wtli be the greatest 
vihin it spouts from the center, and it will be equal at equal dis- 
tances from the center above and below. 

The lower parts of the column being subjected to the strong- 
est pressure, namely, that of the incumbent column, we might 
suppose thai the lower the orifice, the greater would be the ran- 
dom ; hut we must recullecc, that such a spout would reacb the 
plane sooner than those at a higher elevation. 

269. The term Friction is applied to the obalruclion occa- 
sioned to the passage of fluids in the same manner as it is to 
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lelids ; and it exists to such an extent as to become an object 
if considerable inconvenience in practice. It can be obviated 
mly by making the conveying pipe of much larger dimensions 
han would otherwise be necessary, so as to allow the free 
)a8sage of a sufficient quantity of fluid through the center of 
he pipe^ while a ring or hollow cylinder of water is to be con- 
sidered to be at rest ail around it. Other circumstances beside 
riction likewise tend to diminish the quantity of fluid which 
nrould otherwise pass through pipes, — such as the existence 
3f sharp or right angled turns in them, permitting eddies or 
currents to be formed, or not providing for the eddies or cur- 
rents that form naturally, by suiting the shape of the pipe to 
them. It follows, therefore, that whenever a bend or turn is 
accessary in a water pipe, it should be made in as gradual a 
curve or sweep as possible ; that the pipe should not only be 
sufficiently capacious to affi)rd the necessary supply, but should 
be of a uniform bore throughout, and free from all projections 
Dr irregularities against which water can strike, and form ed- 
dies or reverberations, since these will impede the progress of 
he fluid as eflectually as the most solid obstacles. 

270. An unexpected facility is gained in the discharge of a 
Quid from the bottom or side of a vessel, by applying a pipe to 
the orifice. On account of the friction known to occur in the 
passage of a fluid through a tube, it might be supposed that a 
simple orifice made in the vessel might be more favorable to 
the discharge of the fluid than an opening prolonged by a tube ; 
but it has been found by experiment, that a vessel of tin, with 
a smooth hole formed in its bottom, did not discharge water as 
rapidly as another containing the same weight of water, and an 
orifice of the same dimensions, to which a short pipe was ap- 
plied. By varying the length of the pipe, it is found that when 
its length is twice its diameter, it produces the most rapid dis- 
charge, delivering, in this case, 82 quarts of water in 100 sec- 
onds, while the simple hole delivered but 62 quarts in the same 
time. If, however, the pipe projects into the vessel, the quan- 
tity discharged is diminished instead of being increased by 
the pipe. 

How 18 it obviated .' What other circumstances diminish the quantity 
of fluid which would otherwise be dischar^^d by a pipe ? How should 
these impediments be guarded against? What facility is gained in the 
discharge of a fluid by applying a pipe to the orifice? What should be 
tlie length of the pipe compared with its diameter? Effect when the pipe 
pcfljects into the vessel ? 
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When X 6uiil Is conuiaed Id any vessel, it presses sqDally* 
on opposite points of ilie veaxel, and is thus maintained attesW , 
Now, if we remove the pressure from one ol' Ihe oppositv 
poinia, while it remains on the other, tlie force exerted nn the 
tatter will lend \a move ihe vessel in that direction. Thus, if 
we suspend a bottle of water, like a pendulum, and open a 
small plug on one side, the pressure on this side being uken 
oir, but still remaining on the other, the bottle will swing to- 
wards the side opposite the orifice, and remain suspended all 
certain height above its former position. 

Barker's Mill acts on the foregoing principle. Iia construc- 
tion is as follows. AU (Fig. 71,) is a hollow cylinder mov^le 
about a vertical axis 
MN. PP' is another 
cylinder, placed at 
right angles to the 
former, and commu- 
nicates internally 
with it. Near its 
extremities, which 
are closed, two ap- 
ertures are made in 
the sides of this ho- 
rizontal cylinder, 
opening in opposite 
directions. That at 
P is supposed to 
from the reader ; 
llial at P' is suppo- 
sed lo lie on Ihe op- 
posite side of the tube from that on which he looks. Water is 
supplied by the spout 0, keeping the perpendicular cylinder 
constantly nearly full. As the water flows out at P and P', the 
unbalanced pressure on the sides of the cylinder, opposite ti 
those openings, acts on the respective arms PB and P'B, and 
seta the horizontal cylinder revolving, carrying along with il 
the perpendicular shaft MN, and any machinery connected 
with it. 

The power resulting from the pressure of a colnmn of 
water is here applied to a very great advantage ; for, sincethe 
arms of the horizontal shaft BP and B P' may be lengthened it 
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jfcasare, while the power is still applied at its extremity, the 
ciitutiistances are the same as when a power is applied to the 
nd of a lever, or the circumference of a wheel ; it therefore 
lu'ns a similar mechanical advantage. Moreover, the centri' 
figai force acquired by the revolving fluids, being greatest at the 
extremities of the shafl, acts under the same advantage, and 
conspires with the simple pressure. 

This machine is said by writers on mechanics, to be the 
most effective known for applying the power of a given quan- 
tity, and a given fall of water, to the working of machinery.* 



CHAPTER III. 

OF CAPILLARY ATTRACTION, OF THE RESISTANCE OF 

FLUIDS, AND OF WAVES. 

Capillary Attraction^ 

271. The definition of a fluid, proceeds on the supposition 
that fluids are destitute of cohesion, and that their particles 
move among themselves without the slightest impediment. All 
liquids, however, have in fact more or less cohesion or mutual 
attraction among their particles. This is apparent in their 
forming drops, and in the viscidity of certain liquids, as oil and 
tar, which on account of this property are sometimes denom- 
inated semi-Jluids, It is owing to this property that water so 
readily forms itself into drops, and that its surface, when viewed 
in a small cup or wine glass, appears convex. Both of these 
properties are still more observable in quicksilver, which, when 
poured on a table, forms numerous globules of a perfectly 
spherical figure ; and the convex figure of the surface, as seen' 
in a wine glass, is very striking. When we dip a glas's tube 
into water, it comes out covered with drops of the fluid, which 
are held by the attraction of the glass for water ; but the tube 
when dipped into quicksilver comes out dry, because the cohe- 
gion between the particles of quicksilver for one another is 
greater than the mutual attraction that exists between the metal 
and the glass. Hence, a solid body when immersed in a fluid, 
k sometimes wet by it and sometimes not, according as the .at- 



Wby do drops of water adhere to glass, while quicksilver does not f 
•8eeMo§dj*i Mechanic* nfptied ta the ihrt««^ttV. 
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272. CiPiLLAttT Att«»ction is 
tiu ascent of jhuda in shuM tubes. 

The lubes must be less than one tenth of an inch in diam- 
eter, and lubes whose bore must be no larger ihan a hair, (en* 
piUvs,) present ihe phenomenon (he more strikingly. But 
though ihe rise of water above its natural level is most man' 
ifesi in small lubes, it appears, in a degree, in all vessels whil- 
soever, by a ring of water formed around the sides, with a 
concavity upwards. 

273. When small tubes, open at both ends, are immerEed 
perpendicularly in any liquid, the liquid rises in them lo a 
height which is inversely as the diameter of ihe bore. Though 
tubes of glass are usually employed in experiments on this 
subject, yet the tubes made of any other material, exhibit the 
same property. Nor docs the thickness of the solid pan of 
the tube, or its quantity of matter, make the least dilTerence, 
the efiect depending solely on the attraction of ihe surface, and 
consequently estending only lo a very small distance. 

Fluids rise In a similar manner between the plates of glass, 
metal, &c. placed perpendicularly in the fiuids, and near to 
one another. If the plates are parallel, the height to which 
a fluid will rise is invcTsely as ike distance bclvxen tie platfs; 
and the whole ascent is just half that which takes place m a 
tube of the same diameter. If the plates be placed edge lo 
edge, BO as to form an angle, and they be immersed in water, 
with the line of their intersection vertical, the water will as- 
cend belween them in a curve, having iis vertex at the angle 
of intersection. 

S74. Various Phenomfna in nature and art are explained 
Upon the principles of capillary allraclion. Capillary action 
is not confined to tubes, but is exerted among all substances 
vhich are perforated by pores, or subdivided by fissures or 

Define Capillary Attraclicm. 
doaa CI pill* I}' altcnciinii exhib 
Itam cnplllarjr tubes thoiiM ttr 
[Imi pliilKa^ DocB ths Ibiclini 

lAe vtgHtable and animal klogdi 
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interstices. On this power depend chiefly the functions of the 
excretory yascular system in plants and animals, and hence 
also the ascents of humidity through the shivered fragments of 
rocks, unglazed pottery, gravel, earth, and sand. Thus, if the 
pores of the human skin (which are known to be exceedingly 
small) are estimated at the y^^ part of an inch in diameter, 
they will support the fluids that circulate through them to the 
height of 120 inches, or ten feet, or higher than is required 
ibr the animal system. The ascent of the sap in trees has 
usually been ascribed to capillary attraction, their circulating 
vessels being a congeries of small tubes ; but physiologists 
now maintain that this action is dependent, not on the mechani- 
cal structure, but upon something which they denominate the 
living principle of vegetables. 

275. According to Professor Leslie, if a soil of gravel contains 
pores the 100th part of an inch in diameter, water will ascend 
IB it by capillary action more than four inches ; and supposing 
the particles of coarse sand to have interstices of the 500th part 
of an inch, the water would rise through a bed ot sixteen inch- 
es ; and if the pores were diminished to the 10,000th part of 
an inch, water would rise twenty-five and a half feet. Hence, 
in agriculture, are derived the advantages of deep and perfect 
tillage ; since the more eflectually a soil is pulverized, the 
b^er fitted it is to raise and retain water near the surface. 

• 

Several familiar examples of capillary attraction may be 
added. A piece of sponge, or a lump of sugar, touching water 
by its lowest corner, soon becomes moistened throughout. The 
wick of a lamp lifts the oil to supply the flame, to the height of 
several inches. A capillary glass tube, bent in the form of a 
syphon, and having its shorter end inserted into a vessel of 
water, will fill itself and deliver over the water in drops. A 
lock of thread or of candle wick, inserted in a vessel of water 
in a similar manner, with one end hanging over the vessel, will 
exhibit the same result. An immense weight or mass may be 
raised throngh a small space, first by stretching a dry rope be- 
tween it and a support and then wetting the rope. 



Is the ascent of sap in trees owing to this cause ? How high will water 
atcend in gravel containing pores 100th of an inch in diameter? How 
bigh through pores of the 500th, and 10,000th of an inch ? Use of deep til. • 
lage. Huw is capillary attraction exhibited in a sponge, wick of caiidlS) &Cf 
Force created by a wetted rope. 
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Rttutmee of Fluids. 

276. Tkc riiiitance which a plane sarface meets vnth tcAife U 
Bwnes in a Jluid, in a direction perpendicular lo its plane, i3 
propoTtioned to the iqaare of its velocity. 

Hence, a boat in Ibe water encounters but little resUtHwfl 
when moving slowly, but the resistance increases rapidty w 
the speed Is augmented. Doubling the velocity increases Uk 
resistance fourfolU; tripling the velocity renders the resislancB 
nine limes what it was before. This proposiiion is found lo 
hold good in practice, where the velocity is very small, u in 
the motions of boats or vessels in water ; but when the veloci- 
ty becomes very great, as that of a cannon ball, the resislance 
increases in a much higher ralio than as the square of the velo- 
city. Since action and reactiou are equal, it makes no dlffer- 
CDce, in tlie foregoing proposition, whether we consider the 
plane in motion and the fluid at rest, or the fluid in motion and 
MrikiDg against the plane at rest. 

On account of the rapidity with which the resistance increa- 
ses as the velocity is augmented, when a vessel or a steam- 
boat is moving in water, it is only a comparatively moderate ve- 
locity that can possibly be given lo it. A vessel driven by a 
wind which moves 60 miles an hour, is not carried forward 
faster than at the rate of 12 or 14 miles per hour. Steam- 
boats are Bojnetimes urged forward at the rate of 16 milea an 
hour ; but lo gain the additional speed over and above 12 miles, 
requires a great expenditure of force. If a steam engine of 20 
horse power give a motion of 4 milea an hour, it would require 
one of IBO iiurse power lo increase the speed to l2 miles an 
hour. Bui, it must be observed that the resistance decreases 
as fasl when the velocity is diminished, as it increases when 
the velocity is augmented ; and consequently, that canals may 
have ihe advantage over railways, when heavy articles are lo 
be transported by very slow motions, although railways, en- 
countering only the resistance of the air instead of water, have 
greaily the advantage when the motion is swift. 

It follows from the foregoing doctrine that a body descending 
freely through the air by gravity for a great distance, does not 
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continue to be accelerated throughout the whole distance, but 
is finally brought, by the resistance of the air, to a uniform mo- 
tion. 

277. The motion of fluids in pipes and otherwise, is modi- 
fied so much by the impediments arising from friction against 
the sides of the pipe or channel, from resistance of the air, and 
from more or less cohesion in the fluid itself, that the foregoing 
principles, deduced from theory, require great allowances to be 
made when applied to practice. The nature of these impedi- 
ments, however, is so well understood, that the theoretical 
principles of hydraulics may be reduced to practice without 
an error exceeding one fifth or even one tenth of the wliole. 

278. Undulation of Fluids and the formation of Waves. 

When the surface of water is pressed upon .equally, in parts 
contiguous to one another, the columns most pressed are short- 
ened, and sink beneath the natural level of the surface, while 
those that are least pressed are lengthened, and rise above that 
level. As soon as the former columns have sunk to a certain 
depth, and the latter have risen to a certain height, their mo- 
tions are reversed, and continue so, until the columns that 
were at first most depressed have become most elevated, and 
those that were most elevated have become most depressed. 
The alternate elevations and depressions of the surface of a body 
cf water, produced by a force acting unequally on the surface, are 
called waves. The water in the formation of waves has a vi- 
bratory or reciprocating motion, both in a horizontal and in a 
vertical direction, by which it passes from the columns that are 
shortened to those that are lengthened, and returns again in the 
opposite direction. Progressive motion is not necessary to un- 
dulation. 

279. Sir Isaac Newton first observed the analogy between the 
motions of waves and the vibrations of a column of water in a re- 
curved tube, and upon this analogy he founded his theory of waves. 
Let AFGB (Fig. 72.) be a bent tube, of equal bore throughout, 

How are the foregoing principles to be modified when applied to the mo- 
tion of fluids in pipes ? What amount of error is involved in the applica- 
tion of the theoretical principles of hydraulics f Define waves. De- 
•cribe the kinds of motion that constitute waves. Is progressive motion 
etfentlal to undulation? Show the analogy between the motions of 
of wav«8 and the vibrations of a column of ?>a\ec m %. t^cuiN^^ \Nk^« 
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having ils sides parallel to each olher and per- Fig. jj, 

pendicular to llie horizon. Suppose ii to be 

filled with water or uny fluid to tlie height 

MM'. By any preaaure applied at M', let 

ihe column be depressed to N' and raised to 

E in the opposite arm, The pressure being 

removed, the longer column EF will prepon- 
derate, and seek to regain its original level, 
' but the ascending column will not stop at M', 

but on account of it ineriia will ascend to E', 

^at is, 10 the same height aa that from which 

it descended on the other side. It will now descend again, anil 

tiiese reciprocal motions will continue until destroyed by the 

natural imppdimcnte lo motion. On account of these, each 
cessive vibration is shorter than the preceding, but all o! 
■a, like those of a pendulum, are performed in equal limes; 
' for the moving force is obvioosly proportioned to the cokmn 
[ Em, that is, to the space through which the whole column vi 
I llrates; and when the forces are as the spaces, tlie times sr 

equal. 

280. Now whpii the surface of water is smooth and at real, 
if any force (as the action of ihe wind or the fall of a stone) 
Idepreaa that surface in any parljcular place, (he contiguous 
Irater will necessarily rise all around that place. The water 
which has thus been elevated, descends soon afler in conse- 
quence of iiE gravity ; and by the lime it has reached the ori- 
ginal level, it will have acquired velocity sufficient to carry it 
lower than that level ; therefore, it now acts as another ori- 
ginal moving force, in consequence of which, the water will 
be raised on both sides of it. And for the same reason, the 
descent oflhose elevated parts will produce other elevations cem- 
tiguouB lo them, and so on. Tliua the alternate rising and faL- 
ing of the water in ridges, will expand all around the original 
place of motion ; but as they recede from thai place, so the 
ridges as well as the adjoining hollows, grow smaller and 
smaller until they vanish. This diminution of size is produced 
by three causes, namely, by the want of perfect freedom of mo- 
tion amongst the particles of water, by the resistance of the air, 
and by the remoter ridges being larger in diameter than those 
which are nearer. 
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281. From a variety of experiments and obaervatlons, it 
appears that the utmost force of * the wind cannot penetrate a 
great way into the water ; and that even in violent storms the 
water of the sea is slightly agitated at the depth of twenty feet 
helow the usual level, and probably not moved at all at the 
depth of thirty feet. Therefore, the actual displacing of the 
water by the wind cannot be supposed to reach nearly so low ; 
and hence it would seem that the greatest waves could not be 
so very high as they are often represented by navigators. But 
it must be observed, that in storms waves increase to an enor- 
mous size from the accumulation of toaves upon waves ; for, as 
the wind is continually blowing, its action will raise a wave 
upon another wave, and a third wave upon a second, in the same 
manner as it raises a wave upon the fiat surface of the water. 
In fact, at sea, a variety of waves of different sizes are frequent- 
ly seen one upon the other, especially while the wind is actu- 
ally blowing. When it blows fresh, the tops of the waves, 
being lighter and thinner than the other parts, are impelled for- 
ward, broken, and turned into a white foam, particles of wliich, 
called spray, are carried to a great distance. Whilst the depth 
of the water is sufficient to allow the oscillation to proceed un- 
disturbed, the waves have no progressive motion, and are kept, 
each incite place, by the action of the waves that surround it. 
But if by a rock rising near to the surface, or by the shelving of 
the shore, the oscillation is prevented or much retarded, the 
waves in the deep water are not balanced by those in the shal- 
lower, and therefore acquire a progressive motion in this last 
direction, and form breakers. Hence it is that waves always 
break against the shore, whatever be the direction of the wind. 

282. Questions in Hydrostatics, 

1. In a Hydrostatic Press, (Fig. 64.) the height of the small 
column AB, on which the power acts, is 2 feet above the bottom 
of the larger piston CD ; the diameter of the cylinder AB is 
one inch, and of the cylinder CD 1 foot. By means of a screw 
toined by a lever, a man can exert a force on A equal to 500 lbs. 
What amount of pressure can he apply with the aid of this 
press, combining his own strength with the pressure of the 
colmnn of water AB ? 

Ans. 72098.17 lbs. 



Does the wind penetrate far into water .' To what depth if the fea 
antated in storms? Explain the formatioa of spray. Also brcokixu 
Why do waves break BgskUut the ibore ? 
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2. A Juak Bottle, whose lateral surface conCainet 
inches, was let down into the sea 500 futhoms () 
What pressure would the sides of the boltle sustain 
ance being made for the increased specific gravity of 

Ans, 65104. 

3. A Greenland Whale sometimea haa a surfS' 
square feel ; What pressure would he hear at the d 
fathom ! 

Ans. ] 080.000,000 lbs. or more than 4821 

4. A hiinera] weighs 960 grains in air, and 73 
waler: What iaita apecific gravit)'! Ai 

5. What are the respective weights of two eq 
masaes of gold and cork, each meaauring 2 feel on its 1 

Ans. T/it gold weighs 9625 lba.='i.278 tons i ihe 
125 Iba. (See Art. 253.) 

6. On one of ihe peaka of the Alps, is a single mas 
rock of nearly a globular shape, which is eslimated 
ID contain 5049 cubic feet. The whole mass » 
balanced on its center of gravity, that a single man m 
rocking motion. By trial made upon a small fragou 
cific gravity was found to be 2.G ; What ia iis wei^ 

Ana. 366. S 

7. Wishing to ascertain the exacl number of cubi 
a very irregular fragment of stone, I ascertained 
weight in water to be 5,346 ounces: Required its d 

Ans, 9.23S cub 
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CHAPTER I. 

OF THE MECHANICAL PROPERTIES OF AIR. 

283. Pneumatics is thai branch of Mechanics which treats 
rf the equilibrium and motion of elastic fluids. 

Those laws of equilibrium which are founded on the peculiar 
nature of fluids, arising from the mobility of their particles, 
are equally applicable to Hydrostatics and Pneumatics. Bui 
certain additional properties result from the elasticity of vapors 
and gases, which may be conveniently considered under the 
latter head. 

284. Vapors are elastic fluids which are produced from liquid 
or aolid bodies, by the agency of heat, and which readily be- 
come liquid or solid again on the application of cold. Thus 
steam is raised from boiling water, and is again easily con- 
densed by cold into the liquid state. Gases are permanently 
elastic fluids. They are never met with in nature, either in the 
liquid or solid state, and it is only by means of extraordinary 
degrees of cold or pressure, that they can be made to give up 
their elasticity and become liquids. Atmospheric air is a body 
of this class ; and since air and steam are, with slight excep- 
tions, the only elastic fluids employed as mechanical agents, 
it is to these, chiefly, that our attention will be devoted. 

285. The properties of air may be exhibited under the form 
of a few simple propositions. 

(1.) Air is material. 

The two essential properties of matter are extension and im- 
penetrability. That air has extension, needs no proof. That 
it is impenetrable, or has the property of excluding all other 
matter from the space which it occupies, is proved by experi- 



Pneumatict, — Define Pneumatica. What lawgare equally applicable 
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meiit. Thus, if we depress in water a tall jar, or a 
we shall find that the water rises only through a certain pari of 
the vessel, to whatever depth we immerse it ; and if , to a hol- 
low cylinder, made smooth and closed at the boitcim, we it ' 
closely a stopper or solid cylinder, called a piston, moYing - 
freely in it, on applying the piston, no force will enable ns ID 
bring it into contact with the bottom of the cylinder, nnless ' 
we permit the air within it to escape. Two other properties ^ 
exhihiied by air, likewise indicate that it is material : the*e are - 
inertia and vieight. The inertia of air is manifeaieii by the r«- »" 
eistance it opposes to bodies moving in it ; as, for example, in 
open umbrella moved through the air, in a direction parallel 
with the staff; and the weight of the air is shown by the 
fact thai a vessel, as a bottle, from which the air has be«i 
withdrawn, (by methods lo be described hereafter,) weighs 
less than before. A tesbeI of the capacity of a wine (juaB, 
weighs about eighteen grains less afier the air is exhausted, 
ihaii before. One hundred cubic inches of air weigh ihittj' 
grains and a half. 

(3.) Air is a fuid. 

This properly is manifested not only by the great mobiltiy 
of its parts, hut also by the dislingciahing property pf fluids, 
viz. that any portion of air at rest, presses and li prrased 
equally in all directions ; and that a pressure or blow applied 
to any part, is propagated through the whole mass, anti affects 
every part alike. 

(3.) Air is an ELiSTic fiuid. 

Thus, when an inflated bladder is compressed, it immedi- 
ately restores itself to its former situation. Indeed, since air, 
when compressed, restores itself, or tends to restore itself, wi4 
the same force as that with which it is compressed, it ia ajw- 
fcctti/ elailic body. 

386. Before we proceed further, it is necessary for tlieleara- 
jr to be made acquainted with the apparatus, by which the me- 
chanical properties of air are illustrated. 

The Air Pump. 

The Air Pump, (Fig. 73.} is an instrument used for the pur- 
pose of exhausting the air from any given apace. Though 

What other iwo ptopenins of mniiei are eihihitiil by air ? Wlm i) 
Iba weight nf one hundreri cubic iochna of air ? How ii ii piovoti tiMt 
■ atluW/ Wow proved tha.taiiia aneUificftMyd! DescritwJ^ 
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cODStructJon is 
that represented 
in Fig. 73. The 
cbiefpana are the 
jilateA,the barrels 
££, aD(] the pipe 
or eanai C, lead- 
ing from the plate 
10 the barrels. — 
The glass vsssels 
which ace set up- 
m the plate, are 
called in general 
reeeioers.Agtiage 
is sometimes em- 
ployed (as repre- 
sented by D in the ligure) to indicate the degree of exhaustion ; 
but the nature of this appendage will be better understood here- 
after. Such is the construction of the air pump in genjral ; 
but the importance of this apparatus entitles it lo a more mi- 
nute deserJDtion. In order, then, fully lo understand the priu- 
cipJe of the air pump, and other kinds of apparatus designed for 
producing a vacuum, we must understand the construction of 
valves, and of the cyiinder, and piston. 

287. A VALVE is a contrivance which permils a fiuid lo pass 
in one direction, but prevents its passing in the opposite diree- 
tion. The clapper seen on the under side of a pair of bellows, 
is a familiar example of a valve. The valve employed in ihe 
■ir pump, usually consists merely of a strip of oiled silk, tied 
over a small orifice. The air by pressing oulu-ards from the 
orificti, raises the silk, opens the valve, and makes its escape ; 
while by pressing in tuards upon the orifice, it keeps the strip of 
silk close to the orifice, and is therefore prevented from passing 
in that direclion. The piston and cylinder are exemplified in 
a common svringe. It consists of a hollow cylinder, or barrel, 
lo which is fitted a short solid cylinder called the piston, which 
ifl moved up and down the barrel by means of a projecting 
handle called the pisto n-rod, and is fitted so closely lo the barrel 



164 PNEUMATICS. 

as to be air tight. Suppose now that the cylinder is tn a per- 
pendicular position, closed below, but open above, and that 
the piaton rests on the bottom. On drawing up the piHton, (he 
air above it is lifled out, and the space below it is a. vacuntn. 
If a small orifice be made in the bottom of the barrel, then, 
as the piston is drawn upwards, the air will flow in and no vacu- 
um will be formed ; and as the piston is depressed again, (he 
air is forced back. But by attaching a valve to the orifice, we 
may admit or eaclude the external air at pleasure. If the strip 
of silk be lied on the oiilxide, then, on drawing up (he piston, 
the air will not follow, but the piston will go up hearily, since 
it lifts up the entire weight of the column of air that rests upon 
it, (there being nothing below it to act as a counterpoise,) and 
if the hand be withdrawn from the piston rod, the piston will 
descend spontaneously. Again, if the vaive be placed on the 
inside, then the external air will follow the piston as it rises, 
and no vacuum will be formed. If now the piston be depressed, 
the air cannot be expelled, (since the valve closes on the ori- 
fice in that direction,} and the piston cannot be forced down lo 
the bottom of the barrel, unless a valve is placed in the piston 
itself, opening outwards ; in this case, the air of the barrel may 
be eipelle.d by depressing the piston. 

288. We have been tlma minute in the description of the 
construction of valves, and of the cylinder and piston, because 
when these things are clearly understood, the learner will 
easily comprehend the principle of the air pump, of the com- 
mon house pump, of the sieara engine, and of every other 
species of pneumatic apparatus. Let us now return to the 
air pump. 

In the barrels, two pistons play up and down, each of which 
is furnished with a valve opening upwards into the open space, 
through which the piston rods move. Another valve is placed 
at the bottom of each barrel, opening into the barrel. The 
piston rods are indented bars, to which a toothed wheel (con- 
cealed in Fig, 73, but seen in Fig, 74,) is adapted, which, be- 
ing turned backwards and forwards by means of the winch G, 
(Fig. 73.) aUernately raises and depresses the two pistons, as 
is represented in Fig, 74. Suppose now the receiver to be 
placed on the plate of the pump, one of the pistons being « 
the top, and the other at the bottom of the barrel. We turn 
the winch, the piston rises, and the air of the receiver opens 
the valve at the bottom of the barrel, and diffuses itself equally 




brou^b the barrel and the receiver. We turn the winch in the 
ippoBite direction, the piston descends, compresses the air in 
be barrel before it, which, rs it cannot go back into the receiv- 
v, Opens the vaWe in the piston itself, and escapes into the ra- 
:uit space in which the arm of the piston moves. This pro- 
Mas is repeated every time the piston rises and falls ; and it is 
lie same in both barrels, two being employed to accelerate the 
jirocess of exhaustion. The pressure on the descending also 
lelpe to raise the ascending piston. 

289. By means of this instrument, we may obtain verystri- 
(ing illustrations of the mechanical properties of air> 

(1.) The pressure of the air acta with great force on all bo- 
Ues at the surface of the earth, amounting, as we shall show 
iereafter, to nearly 15 pounds upon every square inch, or more 
hMO 2000 pounds upon a square foot. Upon so large a sur- 
mce, therefore, as that of the human body, the pressure amounts 
o no less than 13 or 14 tons ; but being so uniformly distribn- 
«d within and without, and on all sides, it is, when the air is at 
test, scarcely perceptible. In consequence of this pressure, 

Daiciibe tbe interior itruciLre of Ihe air pump from figure 74. Show 
■Oirtlia ■Khiuttioii iiiffected. What li Ibe imoiint of Ibe preieurs of 
Ih* atmotphora on evciy aquars inch of luifact — tt\to od nvv^ v^ww 
bat? Wbat litbe whole amounl on ihe^umSD bodj! 
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the air insinuates itself into all fluids, ami fills the pores of iH I 
Boliiis except the moai dense, as gold or platina. The premnB 1 
of the air dimiiiislies the tendency of fluids to pass into the 
■tate of vapor, and of course raises their boihng point. Wum 
water, at a temperature much below the boiling point, will be 
set a boiling under the receiver of an air pump, or in a. Tacmini 
formed in any other way. Indeed, if it were not for atnioi- 
pheric pressure, water would require only the moderate heat of 
72 instead of 212 degrees of heat to make it boil ; and ihe 
more volatile fluids, as alcohol and ether, would hardly be 
found in nature, in the liquid stale. 

Experiments like the following may easily be made with the 
air pump. 

1. If we apply a receiver lo the plaie of the pump, as rep- 
resented in figure 74, on woikiiig the pump the receiver wiU 
be held fast to the plate. 

2. The annexed figure represents two 
hemispheres of brass, closely fitted to each 
other at their edges. When these are put 
together, they can be pulled asunder with 
very little force, so long as the pressure of the 
air acts on the inside as well as on the out- 
side. But now, join the parts together, and 
BCiew the ball to the plate of the pump. Af- 
ter exhaustion, on removing it, and atl.iching 
the handle, represented at the bolloin of the 
figure, the hemispheres will be found lo be 
pressed so closely together as to require great 
force to separate them. 

This piece of apparatus is called the Madgeburg Hemis- 
pheres, having been first exhibited at Madgeburg by Ouo 
Guericke, the iavenior of the air-pump. Guericke had a pair 
of hemispheres constructed so large, that sixteen horses, eight 
on each aide, drawing agitiiist each other, were unable to pull 
them asunder. 

3. If a sqaare* boltle, mounted with a screw, (as in the pre- 
ceding Igure,] be attached to the plate, on exhausting the air, 
the sides of the botille will be crushed inwards, with a lotjd 
explosion, and the glass be found broken into minute fragmeiilfl. 
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a this experiment, a blanket or towel should be spread over 
lie bottle to prevent injury to the eyes. 

(2.) The elasticity of the air is such, that the smallest por* 
ion of it may be expanded beyond any known 4imit8, by re- 
loving the external pressure. By this means, a' bubble may 
e made to fill a very large space. On the other hand, air 
as been condensed by pressure, until its density has been 
reater than that of water, siill retaining the elastic invisible 
tate. In consequence of its elasticity, air is set in motion by 
le least disturbance of its equilibrium, whether by condensa* 
on or rarefaction, thus giving rise to the phenomena of winds. 

(3.) Air is essential to the support of combustion^ and to the 
aspiration of animals ; and finally, it is the principal medium 
f sound. It may be farther shown, that the weight of bodies 
I diminished by the buoyancy of air, (acting on the same prin- 
iple as water,) and that light bodies are sustained in it, in con- 
equence of its greater specific gravity, while, in a vacuunif, 
odies of various density, as a guinea and a feather, fall to- 
wards the earth with equal velocities. 



Fig. 76. 



The Condenser, 

290. The condensation of air is usually 
effected by means of the Condensing Syr- 
nge. This instrument is a cylinder and 
riston, the cylinder having a valve opening 
lutwards, while the piston is without a valve. 
Phe principle of its operation will be readily 
inderstood from the figure. Near the top of 
be cylinder is a small hole in the side, which 
s immediately below the piston, when this is 
trawn up to the top of the cylinder. On 
arcing down the piston, the air is driven be- 
Dre it, and expelled through the valve at the 
lottom. By connecting a bottle or other 
:lo8e vessel with the bottom, the air expelled 
nay be driven into that, its return being pre- 
ented by the same valve. The piston be- 
Qg drawn up again above the opening in the 
sylioder, another similar portion of air may 
le forced into the condensing bottle ; and 
bus the process may be continued indefinitely. 

To what extent may air be dilated and comprepyed f How is air i^t 
• motion f What relations has air to cumbusivow^ X^%\At^>A^vv^ ^vs\ 
Mind? HowU the weight of bodies afifecif-d by vbe Wo^^u^'j ^\ >^% 
Sr/ Describe the Coadvnsiag Syringe from ft^^iTe 1^« 
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291. The Condensing Fountain is a bottle, UGually of cop- 
per, partly filled witK water, upon ihe eurface of which the 
air is condensed by means of the condensing syringe. Th« 
fluid being thus brought under a strong pressure, it tends lo 
iasue with great force whenever a pipe, that is inserted in the 
bottle, and extends below the surface of the water, is opened, 
The celebrated spouting springs of Iceland, called the Gtysm^ 
in which water accompanied by large masses of rock, is throvn 
Id the height of 200 feet, arise from pneumatic pressure acting 
upon the surface of water in the interior of the earth, the aeii- 
form substance, whatever it may be, being produced by roeani 
of volcanic action. 

292. The Air-Gun is an instrument in which condensed ur 
is BubsiiliiteU as the moving force instead of gun-powder. By 
means of a condensing syringe, air is strongly condensed in S 
metallic ball, furnished with a valve at the mouth, where ilii 
screwed on the gun below the lock. As the lock is sprang, 
it falls upon a plug, and forces it upon the valve, which sud- 
denly opens, and the air rushes into the barrel of the gun, and 
by its sudden expansion, propels a ball much in the same man- 
ner as gun-powder would do in its place. 

293. The Diving Bell is an apparatus employed for esploi- 
ing the depths of the sea. It was formerly made in the shape 
of a bell, but is now more commonly made square at the lop 
and bottom, ihe bottom being a little larger than the top, and 
the sides slightly diverging from above. The materia] issoms- 
times cast iron, the whole machme being cast in one piece, and 
made very thick, no that there is no danger either from leakage 
or fracture. Sometimes the diving bell is made of planks of 
two thicknesses, with sheet lead between ihera. In the top of 
the machine are placed several strong glass lenses for the ad- 
mission of light, such as are used in the decks of vessels to 
illuminate the apartments below. 

294. The diving bell depends for its effi<-acy on that quality 
of air which is common to all material gubslancea, tmpenclni- 
hility ; that is, the exclusion of all other bodies from the 8]>ace 
it occupies. The principle may be illustrated by depressing 
a tumbler or jar in water, with the mouth downwards : it wiU 
be seen (Art. 283.) that the water will ascend so far as to oc- 
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mly a part of the capacity of the vessel, the upper part 
occupied hy air. As the diving bell descends in the 
the air inclosed in it is subject to its pressure, (which 
ses with the depth,) and by virtue of its elasticity, it will 
le condensed in proportion to this pressure. Thus at the 
of about 34 feet, the hydrostatic pressure will be equal to 
r the atmosphere, and consequently, the air being under a 
ire equivalent to that of two atmospheres, it will be condent- 
»one half its original volume. As the depth is increased, the 
occupied by the air in the bell will be proportionally dimin- 
Seats are furnished for the workmen, and shelves for 
and various other conveniences. Althouffh at 
pth of thirty-four feet, the water would occupy '^^J^' 
ilf the ca(>acity of the vessel, and more or less 
*erent depths ; yet by means of a forcing pump 
idensing syringe, communicating between the 
phere above and the machine, through a pipe, 
ay be thrown in so as to exclude the water 
y. By the same means fresh air may be con- 
to the workmen, the portion of air rendered 
e by respiration, being at the same time sufier- 
sscape by opening a stop-cock in the top of the 



ne. 



The Barometer. 

>• Let us take a glass tube, about three feet in 
, closed at one end and open at the other. We 
i tube with quicksilver, and invert it in a vessel 
same fluid. The column of quicksilver falls to 
ain height, about 29 or 30 inches, where, after 
lUg a few times, it remains at rest. The space 
tube above the quicksilver being void of air or 
her substance, it is of course a vacuum, and is 
y denominated iheTorricellian vacuum, from Tor- 
,an Italian philosopher, who first discovered this 
d of producing a vacuum. Various precautions 
cessary, in order to preserve this space free from 
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.t will be the pressure of the water on the enclosed air at the depth 
ly-four feet? How far will the air be condensed at that depth? 
iccommodations are furnished to the worl(irien ? H[ow maj air be 
in so as to exclude the water entirely ? How may frosh air be 
d to the worlcmeu ? Show the construction of l\\« E^\^\nft\itx1 
j# the Toriictillian vacuum? How doet \h« ^lietCu^ti ol ^QcuA 
' compare with thoBe /brmed by other BMlhcMii^ 
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air or any aerifonn substance ; whpn these precauiions are ta- 
ken, tills vacuum is the most complete of any that we can com- 



296. The cnlumn of quicksilver is sustained by the p 
cf the almoBphere, on the open mouth of the tube which is 
mersed in the same fluid ;* and it musi have the same weight 
with a column of tiie atmosphere of the same base, otherwise it 
would not be in equilibrium with it. We hence arrive at an ae- 
curaie knowledge of the actual weight and preHsure of the air, 
since it is equal to the weight of a column of quicksilver of lh« 
same base, thirty inches in length. The weight of such a cyliit- 
der of quicksilver is easily ascertained, and it results, that the 
pressure on every square inch of surface is, as stated in Art. 269, 
aboiil 1 5 lbs. or more than 2000 lbs. upon a square foot, Since 
dilTereni fluids balance each oiher in opposite eolumns pressing 
base to base, when their heights are inversely as their specific 
gravities, a column of water In ihe place of ihe mercury, would 
stand at the height of about 34 feel. For quicksilver being 1 3.57 
times heavier than water, the latter column must be 13.57 
times higher than the other; that is 30x13.57=407.1 inches 
=33,84 feet. 

297. By observing from day to day the height of the column 
of quicksilver prepared as above, we shall ^nd that it varies 
through a space of two or three inches, showing that the atmos- 
phere does not always exert the same pressure, but that a given 
column of the air is sometimes lighter and sometimes heavier. 
This instrument, therefore, enables us to ascertain the relative 
weight of the air at any given lime, and hence its name (orom- 
etxr.i For the purpose of indicating these variations with 
minuteness and precision, a graduated scale ia attached to the 
barometer, divided into iuches and tenths of an inch, and usually 
extending from iwenly-seven to tbiriy-ono inclies, — a space 
which is more than sufficient to comprehend all die uatural va- 
riations in the weight of the atmosphere. 

IHnwls llie cnlumu of quielsilver tuti-iiiori? WhBt would l,e tin 
heijlnnfacohimn of water tequirerl ti 
mtuplwre? Whai chaiigei occur frmii 
blroDielCr ? 
•A"r™ii«'H'™™ wmMimMllnd" iiflliiitlr in wiHtivinj ilMrif hair ihrpi 
.arthcalrtcBinllili Mtr, «re tnl^Jof" ■ renmrfc or twe. II inuil be Rcull«t«l, Ui 
jm|iBlH'iir|iniiin»iI«iMloiiUieiiirf»«"rUiefluulialWin«l,Mu:iidiiUkcui 
TJulofili !iml>niMllitflu«liBctiip«»nUB>»-i')l>idD»u»»nti, fill plmiiUiii 111. 
IVP""' dlnc^y id ihr imuih i^f ili' "*•■ 
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298. Since the variations of the barometer correspond to the 
variations in the weight of thy air at the same place, and. since 
these are connected with changes of weather, this instrument 
thus becomes a weather glttss, and enables us, in certain cases, 
to foresee changes of the weather. The most uniform indica- 
tions of the barometer are, that its rise denotes fair, and its fall 
denotes foul weather, whatever may be its absolute height. Also 
a sudden and extraordinary descent of the mercury attends, and 
frequently precedes a violent wind, 

299. The mean pressure of the atmosphere, as indicated by 
the barometer, is nearly the same at the level of the sea in all 
parts of the earth, corresponding very nearly to 30 inches of mer- 
cury. This fact has been verified by numberless observations^ 
made with the barometer in both hemispheres, from the equato- 
rial to the polar regions. The following results for several places, 
in different latitudes, corrected for temperature, elevation above 
the level of the sea, and the influence of the earth's rotation on its 
axis are nearly uniform. 

Latitude. Bar. Prenare. 

Calcutta, - - 22** 35' - - 29.776 

London, - - 51 31 - - 29.827 

Edinburgh, - - 55 56 - - 29.835 

Melville Island, - 74 30 - - 29.884 

But though the mean pressure of the atmosphere is nearly the 
same, at the level of the sea, over the whole globe, the extent of 
the variations to which it is liable, is exceedingly different in 
different parallels of latitude. At the equatorial regions, the range 
of the barometer is much more limited than within the polar cir- 
cles ; and in the frigid zones, it is more limited than in the tem- 
perate. Within the tropics the fluctuations of the barometer do 
not much exceed i of an inch, while beyond this space, they 
reach to 3 inches. The most extensive variations take place 
between the latitudes of 30° and 60°, being the zone in which 
the annual changes of temperature and humidity possess the 
widest range. 

300. Shortly after the invention of the barometer, it was ob- 
served that the mercury descends, when the instrument is carried 
to a more elevated situation. The descent is found to be about 



How are these variation? indicated .' What indication? of changes of 
weather are afforded by the barometer ? To what height of the barometer 
dots the mean pressure of the atmosphere in all parts of ihe vf luVd^ ^t\x\«%* 
pood ? How is the range of the barometer ii\ the equvAotVaX \^^vvda> 
(ow wiibia the polar circloB? bow io the middle \a\\lude%^ 




^ of an inch for 87 feet. From ihia obBerration, v 
duce the specific gravity of air cnippared with mercury oi 
for ^ of an inch of mercury has, iiappearH, the same weigfi 
87 feet, or 1044 inches, of air. Consequenily, I inch of men 
weighs as much as 10440 inches of air ; thai is, mercm 
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301. As ihe air pump enables us to investigate the n 
ical properties of any portion ofair, so the barometer enabli 
to study the properties and relations of the entire body o 
air, that is, the almonphere. By means of these two inslrum 
the following facta are well established. 

(1.) The space occupied by any given portion of air, (as 
grains for example,) is inveTsely as the pressure. A Wi 
of two atmospheres diminishes the bulk to one half; of I 
atmospheres, to one third ; and of one hundred a ~ ~ 

one hundredth part of its former hulk. 

(2.) As the density is likewise inversely as il 
pied, therefore, ike density i.! a* the pressure. 

(3.) Since air when compressed, endeavors to restore i 
with H force which ia equal to that wiiich compresses il, (I 
when at rest in equilibrium with that force,) therefore, the 
ticUy is as the density and inversely as the space occupied. 
this proposition, the temperature is supposed to remain uiiil 
But, the bulk and density of a portion of air remaining the a 
(Ae elasticity is as the temperalare. Hence the elasticity ( 
may he increased, either by compressing it, or by healing i 
confined slate ; and its elasticity may be diminished eithi 
lessening the pressure, or by cooling it. Theelasticity of ap 
is known lo be frequently impaired by continual action. 
is not the case with air. Air has been left for several years 
much compressedinsuitable vessels, in which there was no 
that could have a chemical action upon it; and afterward 
temoving the unusual pressure, and restoring the same ter 
ature, the air has been found tn recover its original bulk, v 
shows that the continuance of the pressure had not dimin: 
the elasticity of it in the least perceptible degree. 
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CHAPTER II. 

OF THE ATMOSPHERE. 

302. The knowledge now acquired of the properties of elastic 
fluids, will qualify the learner to enter advantageously upon the 
study of the entire hody of the air, which constitutes the athios- 
phere. Let us therefore now proceed to consider its weight, — 
its extent and density, — its relations to heat and moisture, giving 
rise to the various phenomena of Meteorology, — and its relations 
to sound, whence arises the science of Acoustics. 

303. The weight of the entire atmosphere may be easily 
estimated by means of the barometer ; for taking the medium 
height of the mercury at thirty inches, the weight of the atmos- 
phere is equal to that of a sea of quicksilver, covering the 
whole earth to the depth of two and a half feet. This would 
add five feet to the diameter of the globe, and the contenta of 
the whole mass of quicksilver, in cubic feet, would be equal .to 
the difference between the solid contents of the globe, and those 
of a sphere of a diameter five feet greater. Having the nun- 
ber of cubic feet of quicksilver, We have only to multiply that 
number by the weight of one foot, and we obtain for the weight 
of the whole atmosphere, 11,624914,803603,492864 lbs., or 
more than eleven trillions of pounds, or five thousand billion* 
of tons. 

304. Were the atmosphere of equal density throughout, it 
would be easy to determine its height, since opposite columns 
of different fluids are in equilibrium, when their heights are in- 
Tersely as their specific gravities, (Art. 251) Therefore, as 
the specific gravity of air is to that of quicksilver, so is the 
height of the column of quicksilver to the corresponding height 
of iSie column of air that balances it. 

That is, 1 : 10440 : : 2.5 : 26100 feet=5 miles nearly. 
But the atmosphere is very far from being throughout of uni- 
form density. Several causes conspire to produce this result. 
1. The different quantities of superincumbent air at different 
altitudes ; 2. The decreasing attraction of the earth in propor* 
tion as the square of the distance from its center increases ; 3. 

The influence of heat and cold ; 4. The admixtures of vapora 

^. - ■ ■ ■ ■ ■■■ ■ . ij i, .1 ^— — ~ 

The Atmntphere How may the weight of the atmosphere be estima- 
ted ? What is the actual weight of the whole atmosphere ? Height, — Ha^ 
•datarmined were it throughout oftiieftame density \ Y<I\\K\c^>i«A%\|i«\«BX 
/A# Btmospbere from being th/ouf bout of un\foxTA ^imV) ^ 
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Bnd olher fluids ; 5. Tlie attraction of the moon and ot^ei ee- 
lestiai bodies. That the lower strata irf the atmosphere are far 
more dense than the upper, will be obvious from this cDnaide^ 
aiion, that the ponioaa which rest on the surface of the eanh 
sustain the weiglit of the whole body of the atmosphere, which, 
ss appears from Art. 303, ia immensely great. But the density 
of air is as the compressing force. (An. SOI.) As we BsceM 
from the earth, the weight sustained is constanlly diminished, 
and the density lessened, according lo the following law. 

305. The densities of the air decrease in a geometrical, as ihi 
distances from the earth increase in an arithmetical ratio. 

By observations on the barometer at different aliitadea, 
aidedby calculation, it is ascertained, thai at the height of seven 
miles above the earth, the air is only one founh as dense as it 
is at the surface. Hence, if we take an arilhmeticul series, 
increasing by seven, to denote different heights, and a geome^ 
rical series whose constant multiplier is one founh, to denote 
the corresponding densities, we may easily ascertain the densitj 
of the air at any proposed elevation. 

Arilhmeiical series, 7 14 21 28 35 42 49 

Qpometrieal aeries, 1 -^g ^^ ^ j^f yg'jE jiWi 

306. From this table it appears, thai at the height oflwenlf- 
ODC miles, the air is Bixty'four times as rare as at the surface of 
the earth ; at the height of forty-nine miles, sixteen thousand 
three hundred and eighty-four times as rare; and if we puisoe 
the calculation, we shall find that its rarity at the moderate dis- 
tance of only one hundred milen, is one thousand millions of 
times greater than at the earth, ami of course would oppose no 
sensible resiaiance lo bodies revolving in it, De Luc ascen- 
ded in a balloon to such a height that his barometer fell to 
twelve inches. Supposing the barometer at the surface lo have 
stood, at that lime, at thiny inches, it follows that he must have 
leA three fifths of Ihe whole atmosphere below him ; for six 
inches being one fifth of thirty, twelve inches must be two fifths, 
and consequently three fifths of the whole must be below. His 
elevation was upwards of twenty thousand feel. If there were 
an opening in the interior of Ihe earth, which would permit the 
air to descend, its density would increase in the same manner m 

Aecnrriineionlii' lawdMi Ihe rlcniiij nf Ilif aire 
from the lurfnrcnr ihe earlh^ Wfasl is ilE rlrntlly t 
milet^ HI lljelieishlof Sl,49, aiirl 1"0 miles? To 
barometer fdjl la aecendiiig 20,000 UcWn a.\ia.\\Qua^ 
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it diminishes tn ike opposite direction. At the depth of ahont 
thirty*^our miles, it would be us dense as water ; at the depth of. 
forty-eight miles, it would be as dense as quicksilver ; and at 
the depth of about fifty miles, as d^nse as gold. 

307. The foregoing law, however, does not afford exact data 
for estimating the density of the air at any given elevation, 
since the density is affected by the several other circumstances 
mentioned in Art. . 304, which are not here taken into the ac- 
count. Since the force of attraction diminishes as the square 
of the distance from the center of the earth increases, this dimi- 
nution will occasion a corresponding decrease of density. 
However, as the force of attraction will be very nearly the 
saitie at such elevations as the highest mountains, as it is at the 
general level of the earth, no allowance is made on this account 
for barometric measurements, except in cases when extreme 
accuracy is required. Changes of temperature produce a much 
greater effect, since heat expands and cold contracts the air ; 
tod therefore, in estimating altitudes, the state of the thermom- 
eter is always to be taken into account, in connexion with the 
height of barometer. Heat and cold also affect the height of 
the mercury in the barometer, independently of the pressure of 
the atmosphere without, and therefore it becomes nesessary to 
reduce the observations to a fixed standard of temperature, 

308. As we ascend from the earth, the temperature of the 
air constantly diminishes until we arrive at a region of frost, 
the lower limit of which is called the term of perpetual conge- 
lotion. The heights of the term of congelation for every par- 
allel of latitude from the equator to the north pole, have been 
computed,, partly from observation, and partly from the known 
mean temperature of each parallel, and the decrement of heat 
as we ascend in the atmosphere. 

It appears, that the height of the region of perpetual frost 
at the equator is almost three miles ; at the parallel of 35°, 
about two miles ; and at the latitude of 54°, about one mile ; 
while at the latitude of 80°, this region approaches very near 
to the earth, and at the pole it probably comes nearly or 
quite down to the^earth. It is farther to be remarked, that the 

What would benhe density of the air in a cave 34, 4ft, and 50 miles 
deep ? In estimating heights with the barometer, is any allowance made 
for the diminished foite of gravity f Any for changes of temperature.' How 
it the temperature of the upper regions of tlie atmospliere ? What is the 
tftrm of perpetual congelavion ? What height is the Tef^Voii ol ^^t^^iX 
lirost at the equator—At the parallel of SS^'-aDd nl %0^ ^ 
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differeni heights decrease very slowly as we recede from ihs 
eqiiawr, until we reach ihe limits of the lorrid zone, when ihey 
decrease much more rapidly, the maiimum being at the par- 
allel of 40°. The average difference of every five degrees of 
latitude from 30° to 60", is 1334, while from the equator W 30°, 
the average is only 509, and from 60°, to 80°, it is only 891. 
Important meteorological phenomena depeud on this fact. 

309. As a portion of air rarefied by heat at the earth's 8^l^ 
face ascenda, the diminishing pressure which it sustains as It 
rises, has a tendency lo enlarge its volume. Bui on the other 
hand, an enlargement of volume increases its capacity for heat, 
and lowers its temperature, which tends lo condense it. At a 
moderate elevation above the earth,' the causes operate to keep 
the air at rest, and thus the heat of the earth is incapable of 
raising the temperature of the air, except within a moderate 
distance, beyond which the region of frost prevaUa, and the cold 
continues to increase, until it probably reaches, at a compara< 
lively moderate distance from the earth, an intensity almost ia< 
conceivable. 

Relations of Air to Heat. 

310. Air is Bet in motion by every canse which disturbs lu 
equilibrium. It is more sensible than the most delicate balance, 
and moves with the slightest inequalities of pressure. 

Air is put in motion by the !eai,t ehnnge qf temperature. 
Heat rarefies it, and renders it specificaliy tighter than the 
neighboring portions, and it ascends, while colder and denser 
portions flow in to restore the equilibrium On the other hand, 
if air be condensed by cold, n descends, or flows oflT, until it 
metts with air of the same densitj, where it rests. These 
effects naturally result from the perfect fluidity and elasticity 
of this substance. 

311. An illuslralion of this principle is seen in the manner 
in which air circulates in the shaft or pitof adeep mine. Such 
B circulation is kept up briskly, even amounting sometimes to a 
strong wind, when two shafra or pits of unequal heights are 

Hnw Bt the polef Where do the heights decieBEe mniiraplrllj f Wbd 
CBuses combine lo confine the best inbiberi it ihe tuiface of ihe earlb to 
the lower rpgioni ! Hnw is best set in motion > What are th« refjwcliTS 
effflcli of neel and colli upon air? lllusiraie the ninlionB BHsiii( frMI 
if the ntmoBpliere by ihc ciiculilion in adt^ 
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comnmiicate with each other by means of a horizon* 
iery called a drift. The earth remains nearly at the 
emperature summer and winter, while the external air 
er in summer and colder in winter, than that w.thin the 

Now were the air within the earth and without, oi the 
tensity, then the air of the 
afts and of the drift would ^^' '^* 

1 in equilibrio, the longer 
A, being counterbalanced 
shorter shaft B, extending 
lo embrace C, a portion of 
eternal air, to the same 
as the column A. But sup- 
summer; then the air in A, 
ing condensed by the in- 
i of the colder earth,is ren- 
ipecifically heavier, and o- 
irers the air in the columns Ad . I B 

C, the latter consisting of 
re rarefied than that within 
rth. Hence, the air will 
3wn the longer, and out of 
3rter shaft ; and by bring- 
1 parts of the mine into 
culation,the whole interior 
; ventilated. Again, suppose it winter ; then the air in the 
shaft being warmer and more rarefied than the compound 
n BC, the latter preponderates, and the air flows in the 
te direction ; namely, down the shorter and out at the 
shaft. In spring and autumn, when the temperature of 
nosphere and the mine are nearly equal, the miners com- 
nuch of the suflbcating state of the air. 

. The contemplation of the motions of the atmosphere 
arge scale, as they exist in nature, leads to the subject of 
I ; but we may see the same principles exemplified in 
ies and fire-places. A chimney may be regarded as a 
idicular tube, containing a column of air. Since the den- 
' the air is less above than below, and consequently the 
uice less at the top than at the bottom of the chimney, 
ndency of any current of air through the tube is upward, 
g in the direction in which the resistance is least. When 



>n is the external air wartiipr and when co\<\eT iV^^ti X.Vk«X Q& ^^ 
At what season is the air of the mine suSocaXinj^^ 
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the air of the chimney is rarefied by heat from (lie firfi-place, 
the cold air from below makes iia passage upudrds into the par- 
tial void, and thus supplies air lo the fire to support its coiniins- 
lion, and carries up along with it ihe smoke and vapors which 
proceed from llie fire. The smoke, it will be remarked, ia eaf- 
ried up, meclianically, by the ascending curreni of hot air; for 
smoke is itself heavier than air, and sinks or descends when 
not thua supporied.* The draught of the chimney, or ihe 
Blrfngth and velociiy of the ascending current, is infiuenced 
by several circumstances. (1.) Long chjmnies have a stronger 
draught than short ones, because they present a longer coluum 
of rarefied air ; but they may be so long as lo cool ihc air loo 
much before it has reached the top, in which case the smokefaJIs 
by its greater specific gravity. Long horizontal pipes, connected 
vilh fire-places or stoves, are apt id smoke, for a similar reastni, 
and, on various accounts, constitute a very ineligible mode of 
distributing heat. (2.) A narrow throat, opening into a Urge 
pipe or funnel, makes d strong draughl, because the velocity of 
the ascending curreni is thus increased, it being in different 
parta of the chimney inversely as the area of the section. The 
throat of the chimney, however, must be wide enough lo ad- 
mit freely all the mixed products of the ascending current, iit- 
cluding the rarefied air, smoke, watery vapor, and so on ; and, 
consequently, a wider throat is required for green wood than 
for dry, and least of all for anthracite coal, where the amount 
of volatile substances expelled from the fuel is comparatively 
small. (3.) A fire-place with a low front or breast, has a 
strong draught, because, in this case, no air can enter the chini* 
ney, except such as has felt the influence of the fire, and is tb« 
fitted lo keep the chimney warm; whereas, if the throat of the 
fire-place is high, much of the air that flows into it is cold, and 
cools the chimney, and of course diminishes the degree of raw- 
faction in it. Moreover, when the throat is near the fire, it be- 
comes more intensely heated, and thus the ilegree of rarefacttoa 
of the current of air th^I passes through it ia augmenled, and 
its velocity increased. In the structure of fire-places and 
stoves, it is an important principle, (hat as little air as posti- 
hlt shintld get into the fine af the chimney , except what p asiu 

SinieluTC •'/ Chiminii.—Oa wlmt |iiiiicl)jle riofs imi-ke nacriiri ths 
cl)iliiiieTf WrHiinn ilie circumiLniicfB on »liich ilie draufht Hppfndi— 
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ikraugk ike fire ; and it i8 another important principle, in re- 
gard to the econemy of fuel, that no more air should traverse 
ike fire than what is necessary to support the combustion. All 
the air that passes through the fire, over and above what un- 
dergoes decomposition, cools it, and carries a portion of the 
keat up chimney. It is obvious that the air of an apartment 
must be denser than that at the top of the chimney, otherwise 
the current will flow downwards, as is sometimes the case when 
the room is very close, and the throat of the fire-place so large 
as to require a great quantity of air to fill the rarefied space, in 
which case, the air of the room is speedily exhausted. Hence, 
the advantage, in close apartments, of small fire-places, or stovea 
which require but a small supply of air. 

313. But a much more extensive operation of the same 
principles is exhibited to us by nature, in the phenomena of 
Winds. Rarefaction by heat, and condensation by cold, are 
the chief causes of winds. Their distinct existence and modes 
of operation, can frequently be discovered ; and, in cases where 
we can discover neither, we are authorized to inftT the presence 
of such a cause, since it is so constantly connected with the 
same efiects in very numerous examples ihat daily pass before 
our eyes, while we are unacquainted with any other adequate 
causes of the same phenomena. The motion of the air, how- 
ever, producing a wind, may be merely relative, arising from the 
motion of the spectauir. Thus a steam-boat, moving at the rate 
of sixteen miles an hour in a perfect calm, would appear to one 
OD board to be facing a wind, moving at the same rate in the op- 
posite direction ; or if, in the diurnal revolution of the earth on 
its axis, any point of the earth's surface should move faster than 
the portion of the atmosphere above it, a relative wind in the 
<^posite direction would be the result. The dirf.ction of the 
wind may be modified by various causes, the actual direction 
being sometimes the resultant of two or more currents which 
meet from difierent directions, or of several difierent forces. 

314. Land and sea breezes afford a striking exemplification 
of the principle in question. These winds prevail in most 
maritime countries, but more especially in the islands of the 
torrid zone, blowing off from the land at night, and towards the 



What amount of air snniilH traverse the fire ? Whnt efiect has that 
portion of air which pasMS the fire undecomposed ? When Hnes the cur- 
Rnt flow down chimney ? What is the great cause of Winds.' Gire 
examples of a wind thai ii merely relative. Land aud 6e'<i bi««,i.^%— > 
vkere do they prevail^ 
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land in ihc day time. IC we place a hoi stone in a room, (bays 
Dr. Rohiaan,) and hold near to it a candle just estinguished, 
we shall see the enioke move towards the atone, and then as- 
cend up from it. Now, suppoae an island receiving ihe first 
rays of the sun in a perfectly calm morning ; ihe ground will 
become warm, and will rarefy the coniiguoua airi If the island 
be mountainous, this effect will be more remarkable ; because 
the inclined sides of ihe hills will receive ihe heat more di- 
rectly. The midland air will therefore be most warmed ; the 
healed air will rise, and that in the middle will rise fastest; and 
thus a current ol air upwards will begin, which must be sup- 
plied by air coming in on all sides, to be heated and to rise in 
lis turn ; and thus the morning sea breeze ia produced, and con- 
tinues all day. This current will frequently be reversed da- 
ring the night, by the air cooling and gliding down the sides of 
the hills, and we shall then have the laud brefeze. 

315. The iTode Kinds aflbrd an example of the operation (rf 
the same causes on a still greater scale. These winds prevail 
in the lorrid zone and a hitle beyond it, extending to nearly 30° 
on both sides of the equator. When not aflected by local causes, 
thev blow constantly at the same place, in one and the same di- 
lectton, throughout the year. Their general direction is from 
north-east to south-west on the north side of ihe equator, and 
from south-east to nortli-west ou the south side of the eqVMoi. 
They owe their origin to ihe combined agency of two causes, 
namely, the movement of the nir on either side of lliB EtjiiHntr, 
Bonhward or southward towards ihe place oi greatest rarefac- 
tion, and the westerly tendency arising from ihe effect of ilw 
earth's diurnal rotation on its axis, since they do not inslaiHa- 
neously acquire the greater velocity which ihe equatorial »■ 
eions have, in consequence of the earth's revolution on its axis. 
The duration of the trade winds is variously modified in differ- 
enl parts of the world, but always in such a manner, that they 
blow towards the point of greatest rarefaction, and receive i 
lelative motion from the eflect of the earth's diurual rotation. 

Relations af J)ir to Moisture. 

316. The foregoing atmospheric phenomena arise chiefly 
from the relations of air to Hoat ; we are nest to trace a ftw 
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of the leading phenomena, which result from the relations of 
air to Moisture. 

By the action of the sun's heat upon the surface of the earth, 
whether land or water, immense quantities of vapor are raised 
into the atmosphere, supplying materials for all the water that 
is deposited again in the various forms of dew, fog, rain, snow, 
and hail. Our limits will now allow us to enter largely into 
Meteorology, under which head the various phenomena of the 
atmosphere are included ; but we shall be able barely to glance 
at the subject. 

317. The leading principle upon which the precipitation of 
moisture from the atmospere, under any form, depends, is the 
following : — 

The capacity* of air for moisture is increased hy heat and 
diminished by cold. 

In other words, air by being heated is rendered capable of 
taking up and holding a greater quantity of water in the invis- 
ible state, and by being cooled, its power of thus holding water 
. is lessened. 

Again, the capacity of air for moisture increases faster than 
the temperature ; so that the addition of ten degrees of heat to 
air already at the temperature of 70°, will increase the capa- 
city for water much more than the same addition would do 
when made to air at the temperature of 40°. On the other 
hand, the cooling of hot air diminishes its capacity for mois- 
ture much faster than the cooling of air already cold. 

318, Dew is formed when the air comes in contact with a 
sufface in a certain degree colder than itself This is the si am- 
plest deposition of moisture from the atmosphere. Thus dew 
is formed copiously on a cup of cold v ater during summer, par- 
Relations of Air to Moisture. — What effect is produced by the action 

of the sea on the surface of the earth? How is the capacity of air for 
inoiKtnre affected by ht at and cold ? Explain thn use of the term eapa^ 
city* Explain how the capacity of the air for moisture increases faster 
than the temperature. How is Dew formed P Why is moisture depos- 
ited in a vessel of cold wa<er in summer? Why is this fact particularljr 
noticed before a thunder storm? 

* The term eapaeity being frequently employed in the physical acieneei, it it impoiw 
tant fttr the student to obtain clt«r and correct views of its meaning^. The iiower of a 
Wfoage to bold water, to stow it awar in the interior, so as to rentier it invisible, is the 
M^crsfy of the sponge for water. 1 his capacity is capable of increase or diroinutituw 
l^ike « piece of dry sponge, and soak it in water ; as its volume enlanpes, its capf 
dty for water increases — remove it fiom the water, and squeeze it gently ; a part of 
Ike water runs oat--«uffer -it to ex|iand and it appears nearly dry; squeeze ita«i&i^ 
■■d k beeomet wet Hence wetay itacapadty is mcitaied hy «neii!bx|pin«a\^ 
and diaiiuibed bjr eompreiuoa. 
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•'"Uiiiriv l>eiort* a i:iutiuer:«iiower: because then the airia hot, and 

"uiintir*.; w ui .:iM>»Lrtr. i ponion oi which it deposits as soon 

■* i'. .'* i-.Hiiiu. s ^.aiiaciiv lor moisture heina thus diminished. 

^ .^v. .:ii:cu -^ KiuLu oi^scrvaiion. that on those nights 

*>tifii i.^Ms v.tws I'ciur. i:ie tiruunii becomes twelve or foor- 

-^n . ^iff* «.-'A.ti- Mil ■.:ie air a lew feet above it. Conse* 

sr... \ , .i:jt»ri ■. \^ ».:. v i-:n.'uiaii:i{r over the surface of the 

"lii.-... lilts..! '. •:i:,\,v: *^ liii -ius v.'iiiiier :«urface, it deposits 2 

•»i:«'.i . nviMLic- i.;)uu .:. L'lie i.uiuitity actually deposited 

* ;ii 1 . ■i.i>c 'f -iraiti" i> iiie uincrence of temperatures be- 

^*ri4i ...».• ...I .: .u ..ic :^;vui:u .s ureaier, and the air is more 

u' .i» ui<ti .. " \.z!H'»iitu •-•A ti:ff'r^rfnt aitbstances unegallVf 
..ii..t ». .1 Mi:ii.i.'u5i ..:l:!i v'ji v.r\ >uini ; very little on bright 
'mmu.-.v >..:ui\.i>, ..:u !:i»ije .iL :ui on larsie bodies of water, as 
.!r ^- 1.1.11 1. .1 .1.1 .iM-s* .u»wi*\ir, "iu'se :^urtaces are observed 
o iji.i:;Lut:ii .1 ci»rrr>|\Miuinu iiiiierfiice iii ihe temperature thev 
Aiju-n-. >uiiK' i.io*\ ;ri» iniKii c Older iiuiii others equally e2cpose<), 
wiiiiL .:.v >ui 1.1^.1* li ::ic oeeaii rt'inain:^ -u the same temperature 
.:> ..if a. 4 A uiu.vm Oil i;. I'lie air. uierff'ure, sustains no re- 
..u^i.uii ^t v.i(Mi.ii> .y ^.-ir^'uiauii^ upon ir. and no dew is de- 
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';i». r.Ais ..".- -tvuiCiti "v icaivru vapor coming in contact 

rtt.t -..ii -. .11.;.' . :.'■« ^..Htt• 

.\w k.tjuirmiix jc :iucii as is just risinj: imm the STound, « 
>uc'i .!> .'f iiMO vMsiod i:i a body ot' oomiiioii air thai meets 
and lui vt':' u iih iiu* ci)ldi.T atr. 'Thus, iii a cold tiiornin^, smoke 
priK'iivis ifoui \anous moist :?ubstances. as irom the breath of 
anuiidis, ;i-ui« ^i l«olo m ilie ice of a river, I'roiu wells, and from 
ii)iiii\ oiiu'i sources, hi each case, the vap4)r meets with cold 
air, wiiicli i Hiving so small a capacity for moisture, is unable to 
:u«id \i .11 solution, and it is deposited in the form of fog. A 
sin kins' example of fogs is seen over rivers, particularly in a 
summer mormiii:, marking out their courses for a great dis- 
tance. Heiv, since the temperature of the water changes but 
htile viuriti&; the ni^iit, while the neighboring land, and of course 
the air i>ver the land, has become cold, the vapor which rises 
from the river during the night, and meets with cold air, is con- 



W hul i» ih« tempt! ritui re of the groiind compared wiUi that nf the air« 

oiiitewy niithiit.^ Kxpluiii ibe manner in which dew is deposited on dif- 

ieieiii substances. Why is no dew deposited on the open sea? How 

• r« f*(^5 produced ' Explain the production of vmoke from Tarions 

r.ijiL'tfs ill A uvlU moruioc. ExplaiD the cloud of fog that haagsover 
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densed into a fog. The fogs formed over shoals and sand banks, 
as the banks of Newfoundland, are deposited from the warm 
and humid air of the ocean, which is cooled by mixing with 
the cold air over the banks. Fogs are phenomena of cold cli- 
mates, and are not so common in hot countries ; the air in such 
situations having too great a capacity for moisture, to permit it 
to condense into a fog near the surface of the earth. 

320. Clouds are dependent on the same principle as fogs, 
consisting of vapor condensed by the cold of the upper regions. 
They are formed over water, or moist places, by vapor rising 
so high, as to reach a degree of cold sufficient to condense it ; 
or they result from the mixture of warmer with colder air, pro- 
ceeding always from the warmer portion. * 

321. Rain is produced by the sudden cooling of air, charged 
with larige quantities of watery vapor. 

Suppose two bodies of air, a hotter and a colder portion, both 
saturated with moisture, to meet ; the compound would assume 
a temperature which was the mean between the two ; but the 
quantity of heat which the colder portion of air would gain, 
would not increase its capacity so much as that of the warmer 
body would be diminished, by the loss of the same portion of 
heat. (Art. 317.) Hence the capacity of the mixture would 
be less than the average capacities of the separate portions, 
and consequently water would be deposited. If the separate 
portions of air are not completely saturated with moisture, still 
the capacity of the mixture may be so much less than that of 
the constituents, as to render it unable to hold all the water they 
contained ; and in this case, more or less water would be de- 
posited. 

322. This view of the general cause of rain, (which is com- 
monly called Hutton's Theory of Rain, from Dr. Hutton, of Ed- 
inburg, who first proposed it,) is capable of being confirmed by 
an extensive induction of facts, by which it would appear, that 
variable winds, favorable to the mixture of air of different tempe- 
ratures, are accompanied by rain, while constant winds are ac- 
companied by dry weather. 

— ■■-■--■■■■■ — -^ 

How are fogs formed ever shoaU and sand banks? Are fugs more 
common in cold or in hot countries? How are Clouds formed? Of 
what do they consist ? How is Rain produced? Explain its prnduc- 
tioo from tlie meeting of two opposite curienu of Mt. \^\\\^\v^\^t&w(% 
eommoaly Mccompanwd by rain, variable ot coualBiikl Vxu^u^ 
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323. Hail is produced hy the mixiare of exeeedingly eoldair, 
vith a body of hot and Avmid air. Thi! cold wind is suj^sed 
to be derived from an elevation considerably above the letm o( 
perpetual congelntion, aad to be suddenly transferred lo a body 
of bot and humid air, from which it precipitates the hail. Or 
il may be supposed to result from a hot wind blowing from the 
torrid regions into the limits of perpetual frosi, and ibus havuig 
its watery vapor suddenly congealed. Or it mny be the pro- 
duel of the meeting of a very cold with a very hot wind. M 
that the theory re<juires, in order that bail should be precipita- 
led, is, that very hot snd very cold bodies of air should be mixed 
in any way whatsoever. Accordingly, hiiil is found lo be most 
ireijueni and violent in those regions where hot and cold bodies 
of air are most easily mixed. Such mixlures are rarely formed 
in the torrid zone, since there the portion of cold air would be 
wanting ; and a similar difficulty exists in the frigid zone, Sat 
there the hoi air is wanting ; but in the temperate climate, the 
heated air of the soutji, and the intensely cold winds of the 
north, may be much more easily brought together ; and, ac- 
cordingly, in the temperate zones it is, thai hail storms chiefly 
occur. Even in these climates they are moat frequently found 
in places where such mixtures are most easily formed, M in 
the sooth of France, lying, as it does, between the Pyrenees 
and ihe Alps, which are covered with petpeiual snows, while 
the intervening country is subject to become highly healed by 
the summer's suu, or is even visited, especially at a certain ele- 
TBtion, by occasional blasts of the hot winds th&t cross (b» 
Mediterranean. 



CHAPTER HI. 

OF THE MECHAMCAL AGENCIES OF AIR AND STEAJt 

324. In consequence of our power of forming a vacuum 
either by the exhaustion of air or by tlie condensation of steam, 
sod of directing the force with which these elastic subsiancei 
rush into a void or press towards it, air aod steam become im- 
portant agents or prime movers, in various kinds of machinery. 
Many of the most useful machines involve in their construction 

Huw b Half pin^tuced ? Whriicp biliecold wind derive 
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Aeprinciplra of both hydntulics and pnenmatica, and tberefora 
we have reserved an account of such machines to the present 
section. 

The Syphon. 

325. ir,a tube having two arms, alonger 
and a shorter, is filled with water, and the 
mouth of the shorter arm is immersed in 
water, the fluid will niu out through the 
longer arm until the whole conteets of the 
vessel are diacharged. Such a tube ia 
called a syphon It may be filled with the 
fluid, either by suction or by pouring wa- 
ter into it, keeping the two oriScea closed 
until the shorter arm is immersed. Or, 
when the syphon is large, each orifice is 
plugged, and water is poured in through 
an opening in the top of the bend. The opening being closed, 
the shorter leg is placed in ihe cistern, and the plugs removed, 
the fluid is discharged as usual. The principle of the syphon 
is HS follows. The atmosphere presses equally on the mouths 
of both arms of the lube ; but this pressure on each wifice is 
dimitiished by the weight of the column of water in the 1^ 
nearest to it ; consequently, more of tlie atmospheric pressure 
is OA'ercome by the lunger than by the shorter column, and 
therefore the effrrtioe pressure, (ur what remains,) is less It thft 
moutli of the lunger tlian at that of the shorter column, and the 
fluid runs in that direction in which the resistance ia least. All 
this will be obvious by inspecting the figure. 

Were the shorier column ihirty-fnur feet in height, it would 
counterbalance the entire pressure of the aimospliere on the 
surface of the tluid, and consequently, there would be no force 
remaining lo drive ihe water forward through the tube. The 
■j'phon, therefore, can never raise water lo a greater height ihaa 
tbiny-fuur feel, nor quicksilver higher than about thirty inches. 
It is obvious, also, that the place of deliveiy, that is, the muuth 
of the longer arm, must be at a lower level thin the surface of 
the water in the reservoir ; so that this instrument cannot be 
used fur elevating, but only fur decanting llmds, or transferring 
it from one vessel to another. Its chief use is by grocers, in 
transferring liquors from cask to cask, ll is sometimes employed 
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326, This piimp consisla of two hollow cyi- f""E- ' 
inders, placed one under the other, and commu- 
nicWiiigbya valve which opens upwards. The 
lower cyiimier /which has ilB lower orifice under 
' '.a called the suction tube. In the upper 
cylinder, a pislon moves up and down from the 
boUom to a spoilt in llie side near rhe top. This 
cylinder w« call the eahaiisirng tube. Suppose, 
ai the -commencement of the operation, the pis- 
ton is at the huuoui of the exhausting uibe in 
close contHci with the valve. On mising it, the 
ait in the suclion tube having nothing lu resist 
its upward pressure, lifls the valve and FxpRnds, 
80 as 10 fill the void space which would other- 
wise be left in the lower part of ihe exhausting 
tube. By this raeans, the air in the suclion tube 
is rarefied, and no longer being a counterpoise 
to the pressure a( the atmosphere on ihe surface 
of the well, the latter predominates and forces 
tfie water up the tube until enough has been 
raJEjeil exactly to oounterbalance the excess of 
the ckslicily or the exicimr} air fiborc Uiui ur 
the lube. Astlie piston descends, the air below 
it is prevented from returniag iuto the suciiun 
pipe by the vnlve which closes on its month, hut 
escapes through a valve in the piston itsplf, opening upwarfi in 
the same rannner as in the barrels of the air pump. The platM 
feeing raised again, the column of water ascends still highCf, 
it makes its way through the valve into the exhitustiBg 
pipe. Then as the pislon descends, the water opens its valve, 
■ B lifted lo the level of the gpoM, 
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and gets above the pistt 
where it is dischareed. 

The principle of the 
0]unoiated : 

The aater is raiifd into the exhausting pipe hy the pressurt »f 
ihe atmosphere, and thence tijhii lo the Imtt of the spout ^ 
mearti of the piston. 
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Since a colnmn of water thirty-roar Teet in heighr, in the 
■nclion tube, would counterbalance the entire pressure of the 
atmosphere on the surface of the well, no force would remain 
Co urge ihe column any higher, and therefore the valve at the 
op of ihe suction tube, must be lees than ihirty-four feet above 
Jie well. 

337. It ia evident that the same force is expended in rais- 
ng water by meang of the pressure of the atmosphere, as when 
be force is applied directly. We lift upon the atmosphere, in- 
itead of liAing directly upon the column of waler. This method 
■f raising water from a well, is frequently more convenient ihaa 
>y a simple bucket, but the expenditure of force is the same in 
■och cases. 



The Forcing Pump. 
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338. A cyliDder ABC (Fig. 80.) is pla- 
^ with its lower end C in the reservoir. 
t hae a fixed valve at V, opening upwards, 
ind a solid piston without a valve, playing 
lir tight in the upper barrel AB. It is con- 
■ected with another barrel DE by a valve 
V opening upwards and outwards. The 
ube DE is carried to whatever height it 
nay be necessary lo elevate the water. 
^•ei ns suppose that the solid piston P is in 
untacl with the valve V, and that the wa- 
er in the lower barrel is at the same level 
J with the water in the reservoir. Upon 
sising the pistoo, the air in BC will be 
sr«fied, and the water will ascend in BC 
ixactly as in ihe suction-pump. Upon 
[gain depressing the piston, the air id PV 
vill be depressed, and it will force open the 
live V, and escape through it. The pro- 
«ss, therefore, until waier is raised through 
T into the upper barrel, is precisely the 
ame as for the suction pump ; the valve V 
aking the place of the piston-valve in that 
lachine. Now, let us suppose Chat water has been elevated 
irough V, and that the space PV is filled with it. Upon de- 
ressing the piston, this water, not being permitted lo return 

How hijh can (he pinm raiie vmer i Do wc (k\a ftnj tuica \i] im^wt 
'A» pampf J'Bremg Pvmp — doicribi it. 
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through Y, b farced through V, and aaceads in the lube DE. 
By continuing ihe process, witter will accumulate in the tube 
D£, until it acquires the ueceaaary elevation, and ia dis- 
charged. Or, Id enunciate the principle of this machine in 
general temw — 

In Ike forcing pnmp, the pislon has no valvs, bat the water 
being elevaled into tlie exhausting tubn, as in Ihe suction pmnf, il 
is then forced, fry the descent of the piston, into the ascending 
pipe through a valve placed in the side and at tht bottom of thi 
exhausting tube. 

339. In forcini^ pumps, since the power is applied by sep- 
arate impulses, the water wouhl issue in jets, were not some 
contrivance adopted to equalize its How from the lube. This 
purpose is effected ^y means of an air vessel, in which a por- 
tion of condensed air is made the medium of communicalion. 
The force imparted by successive blows of the piston is iirsl 
received by this confined body of air, and ihis, by its elasiicitj, 
reacts on ihe surface of the water in the air vessel, and forces 
it out by the conducting pipe or hose. 

An example of this is afforded in ihe Fire Engine. The 
lire engine consists of two forcing pumps, which throw the 
'water into an air vessel, from 
■which il is thrown out of the Fig. 81 

conducting hose by the el.tsiic 
pressareof coadensedair. Th 
(Fig.81.)AB,ABareiwof 
ing-pumps, whose pistons PP 
are wrought by a beam wh 
fulcrum isatF; VVareval 
which open upwards fro 
suction tube T, which coram 
nicaie with a reservoir ; ( t 
are force-pipes, which com 
nicaie by valves V'V, op n 
ing into an air vessel M. A 
tube L is inserted in the top of 
this vessel, terminating in a 
leathern tube or hose, through 
which the water is forced by 
the pressure of the air confined 
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in M, which, in consequence of its elasticity, acts nearly uni- 
Ibrnily on the surface of the water, and forces it through the 
hose in a continual stream. 

The Steam Engine* 

330. It belongs to Chemistry to investigate the properties of 
steam, and to Natural Philosophy to apply it as a mechanical 
agent. The Steam Engine is the fruit of the highest efforts of 
both these sciences, and the most valuable present ever made 
by philosophy to the arts. As it is impossible clearly to un- 
derstand the principles and construction of this engine without 
a knowledge of the properties of steam, on which they depend, 
we subjoin an account of a few of its leading properties, re- 
ferring to chemical authors for a more detailed view of this 
subject ^ 

331. The great and peculiar property of steam, on which 
its mechanical agencies depend, is its power of creating at one 
moment a high degree of elastic force^ and losing it instantane- 
cusly the next moment* This force, acting on the bottom of the 
piston which moves in the main cylinder, raises it, and fills the 
space below it with steam. The steam is suddenly condensed, 
and hence no obstacle is opposed to the descent of the piston, 
but it is readily forced down again by steam acting from above. 
This alternate motion of the piston, the rod of which is con- 
nected with the working beam, is all that is required in order 
to communicate motion to all parts of the engine. 

332. The elastic force of steam depends on its temperature 
and density conjointly ; and the temperature necessary to its 
production depends upon the pressure incumbent upon the water 
during its formation. The reason why water boils at the tem- 
perature of 212° is, that at that temperature, the vapor acquires 
just elasticity sufficient to overcome the atmospheric pressure. 
Hence, steam produced at the temperature of boiling water, 
has a force equal to the pressure of the atmosphere. When 
formed at a lower temperature, its elasticity diminishes in a • 

Steam Engine. — What part of it belongs to Chemisiry, and what to 
Natural Philosophy? What is the peculiar property of steam on which 
its mechanical agencies depend ? How does the force operate ? On 
what does the elastic force of steam depend.^ Why does water boil at 
the temperature of 212°.^ How is the elasticity of %leaw\ ^\q«\>\<:^^ ^\. 
low temperature*.'* 

17 
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geomelfical ratio, and increases in ihe same ratio wlien it » 
formed at a higher temperature. Water boils, or is conTeiud 
into vapor, at a temperature less than 212°, on high meuntaiBii 
or under the receiver of an air pump, or in other ailuaitou 
vhere the pressure of the atmosphere is climinished ; and in I 
vacuum the boiling point of water is as low s» 7S°. 

333. Heat rapidly augments the elastmty of sicam &y is- 
creasing its density. If we introduce a few grains of waler 
into a flask, and place it over the fire, the water will soon be 
converted into Hieani, which will expel the air of the vessd 
and fill its whole capacity, If we now close ihe orifice oflhe 
flask and continue the heal, the Bieam will increase in elastic 
force in the same manner as air would do under similar circuD- 
stances, which is at a comparatively moderate rate, so that il 
might be healed red hot without exerting any very violent force. 
If, however, the vessel is partly tilled with waler. and the heU is 
continued as before, then the elastic force is rapidly augmenled, 
and becomes at length so great as to burst almost any veatel 
that can be provided ; for every new portion of vapor that is 
raised from the surface nf the water, adds lo the density of 
that which was before in the vessel, ami proportionally increuei 
its elasticity. In the esperimenis of Mr. Perkins, a confined 
portion of steam, not in contact with water, was healed lo the 
(empereture of 1400°, and still its pressure did not exceed that 
of five atmospheres ; but, by injecting more water, idthotigb 
the temperature was lessened, the elastic force was gradiutUy 
increased to one hundred atniospheres. 

334. The space into Khic/i a given quanlHy of miter is m- 
panded iJi hecoming steam, depends upon the temperature, and^ 
course vpnrt the degree of prcisvTe at which it isformfd. Water 
converted into steam at ihe temperature of 212°, expands neariy 
one thousand and seven hundred times ; but at the temperature 
of 419°, it expands but tliirty-seven limes. According to Dr. 
Thomson, at a temperature noi much higher than 500°, steam 
would not much exceed double the bulk of the water fiwp 
which it is generated. The expansive force of such steam 
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would be tnly formidable. It would, when it issued into the 
simoephere, suddenly expand six hundred and fiAy times. We 
do not know at what temperature water would become vapor 
without any increase of volume, but we can estimate that it 
would then support a column of mercury three thousand two 
hundred and forty-three feet Tor more than half a mile) high, 
and would exert a pressure ot nearly twenty thousand pounds 
on every square inch. 

335. The difficulty of understanding the construction and 
principles of the steam engine, (as is the case also with many 
other machines where the parts are numerous,) is greatly en- 
hanced by the variety of accidental trappings or appendages 
that are employed about the machine to perform subordinate 
offices. As these render the comprehension of the leading 
principles difficult, when the explanation is attempted from the 
engine itself, so these inferior parts are often so multiplied in 
diagrams as greatly to obscure the representation. We shall 
begin our explanation with a diagram which presents the naked 




N 

principles, divested of all unnecessary appendages. The chief 

parts of the engine are the boiler A, the cylinder C, the coh' 

I— . ■ ■ 11 

How high a column of mercury would steam support when heated 
QDder such a pressure as not to exceed the volume or water ? Explain 
the construction of the steam engine from figure 82. What are the 
duaf paru? 

'Fnm /mmvV Conmmthmcn CbemiitiT, a woikwlMkeQi&!(i&M%'nv|>wRkMNa 
Mirariir/^tffoQMnaujiMiaalpJcpflrtke steam enciBe. 
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» ihe tlr«m-pipe, haa^m^ 

\ mpMCiTeiT with Lhe lop Bod 

' ~s Ac tdnctum-pipe, formed oT 

t frooi the top aiul bottom of 

! bctwecD the cylinder and the 

r well of cold water in which llu 

Each >»3i>rb of pipe has ia oVd 

a F. G, P, Q, which may be opened or closed aa ft> 

■ccanoa nq«ifea. 

336. Soppose, firei, ih^t all the valves are open, while sicain 

'iBiaamng freely from the boiler, li is easy to see that iheeteau 

l^mild ciTcalate freely through all parts of the machine, e<pd- 

the air, which would escape ihrongh the valve in the piddD 

tie air-ptunp, and thus Ihe inierior spaces would be all filled 

'ith ateam. Tliia process is called blowing ikrougk ; it ta 

anl when a sieam-boat is about seiting ofil Neil the ?alve« 

and Q are closed, G and P remaining open. The Ueam 

now pressing on the cyliniler forces it down, and the insrUol 

when it begins to descend, the slop cock O is opened, admit 

ting cold water, which meets the sieam aa it rushes from die 

cylinder, and eOectually condenses it, leaving no force belov 

the piston to oppose its descent. Lastly, G and P beingcloeed, 

F and Q are opened, the steam flows in below the piston and 

niahea from above it into the condenser, by which means ibe 

jiislon is farced up again with the same power as that wilb 

irhich it descended. Meanwhile the air-pump is playing, and 

removing the water and air from the condenser, and pouring 

thewHterinloa reservoir, whence it is conveyed to the boiler lo 

renew the «nmo circuit. 

337i Among tlie difTcrenl forces which may be employed to 
move mut^hinwy, audi as animal strength, water, wind, and 
•Imitii lh« last is the most manageable of all, and therefore, for 
lloicwi ovnry purpose, the most convenient of all powers that 
vn UTidor llit> control of man. But whether, in a given case, 
wo ihHll umploy steam power, or one of the other forces, as 
WftltPT powitr lor PxiLmple, may depend on the comparaltve 
eeonnmy of llio two forces. A water fall, near at hand, may 
fUrniah Ui with llie rrnjuired power, cheaper than we can pro- 
,4(100 it ftitillrially from steam. In the earlier forms of con- 
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tion adopted in the Steam Engine, so moch of the steam 
wasted by injudicious management, as greatly to diminish 
sefulness of this Engine, and to render it in most cases a 
eligible force for carrying machinery than animal strength 
alter. The modern improvements in the Steam Engine 
consisted, mainly, in preventing this waste of steam, and 
)urse in economizing the amount of fuel required to pro- 
the power. Previous to the year 1763, when Watt began 
improvements on the steam engine, not less than three 
hs of the steam produced in the boiler was wasted. 

8. Th3 greatest improvement introduced by Mr. Watt, 
isted in performing the condensation in a separate vessel, 
•"ig. 82.) whereas the previous method was to admit a jet 
)ld water into the cylinder (CC) itself, which cooled the 
e apparatus ; and when steam was admitted again from 
oiler, a great quantity of it was consumed in heating the 
jd surface up to the boiling point, which must be done be- 
the steam could have sufficient elasticity to move the ma- 
5ry. Various subordinate contrivances were also employ- 
dth the view of promoting convenience or economy, the 
iple of which will be understood from the description of 
mnexed ligure, which represents the steam engine in its 

improved state. 

9. A. The Boiler, containing a large quantity of water, 

which is constantly renewed as fast as portions 
are converted into steam. 

B. The Steam Pipe, conveying the steam to the cyl- 

inder, having a steam-cock b to admit or exclude 
the steam at pleasure. 

C. The CvLiND^R, surrounded by the jacket c c, a 

space kept constantly supplied with hot steam, 
in order to keep the cylinder from being cooled 
by the external air. 

D. The Eduction Pipe, communicating between the 

cylinder and the condenser. 

E. The Condenser, with a valve c, called the /»- 

jection cock, admitting a jet of cold water, which 

what have consisted the modern improvement.^ of the steam en- 
What portion of the steam was formerly wasted? In what con- 
the great improvement of Watt:* Describ« the old methods GW^ 
cription of the various parts in order from Xhe &gaie«« 
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meets ihe Bl«am the iastani tbe latter enters Aw 
coixleDser. 

P. The AtB-PcMP, which is a commoo suction pmnp, 
but is called the air-pump because il reraoTtt 
from the coadenser, not odI^ tbe water, bni also 
the air and steam that escapes condensation. 
G. G. The Cold W*tkh Cisters, which surrounds 
the corufenser and supplies it with cold walet, 
being filled by 

H. The Colo Water Pump. 
I. The Hor Well, containing water from the con- 
denser. 

K. The Hot Water PirMP, which conveys backfliB 
water of condensaiion from the hot well to the 
boiler. 
L> L. Levers, which open and shut the valrns inlht 
channel between the steam pipe, cylinder, educ- 
tion pipe, and condenser ; which levers are raised 
or depressed by projeclions attached to the pis- 
ton rod of the condenser. 
M. M. Apparatus for Parallel Motion. By this con- 
trivance the piston rod is made lo move in i 
right line, although the end of ihe working beam 
moves in the arc of a circle. 
N.N. The WoRKiNQ Beam. 
. 0. 0. The Governor. This consists of two heavy 
balls, suspended from a perpendicular shaft, in 
such a maiinEr as to be capable of falling close 
10 the side of the shaft when at rest, but when 
made lo revolve, they recede from it by (he cen- 
trifugal force. Now, by connecting the gover- 
nor with the fly wheel, il is made lo participate 
of the common motion of the engine, and lh« 
balls will remain al a constant dislance from 
the perpeudicular shall, so long as ihc motion of 
ihe engine is uniform ; bul whenever the engine 
moves faster than usual, the balls will recede 
farther from the sliaft, and by raising a vake 
connected with the boiler, will let off such ■ 
portion of the force as to reduce (he speed U> 
the rate required. 
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P. The Crank. This, when ihe end of ihe worting 
beam, to which it is aiiached, descends, turns 
the fly wheel half roiiral. and when it riaeSr 
completes the revolution of the wheel. 




I Q. Q. The Flv Whuel, The motion of the . 

being communicated first to the Working'Seami 
and thence to the crank, is findly received by 
the Fl/ Wheel, which, by Its ineriia, as ex- 
plained in Art. 193. renders the force uniform. 
The main shaft or axis to which the fly wheel is 
attached, receiving thus a itairorm rotation, mo- 
tion may be traoslerred from it to every kiitd (tf 
mchiiwiy. 
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weight or quantity of matter, — and its tensum. The tone be- 
comes more acute as we increase the tension, or diminish either 
the length or the weight. The operation of these several cir* 
cumstances may be seen in a common Tiolin. The pitch of any 
one of these strings is raised or lowered by turning the screw so 
AS to increase or lessen its tension; or, the tension remaining 
the same, higher or lower notes are produced by the same string, 
by applying the fingers in such a manner as to shorten or length- 
en the string which is vibrating ; or, both the tension and the 
length of the string remaining the same, the pitch is altered by 
making the string larger or smaller, and thus increasing or di* 
minishing its weight. 

345. The vibrations of a string, fixed at both ends, areper» 
formtid in equal timesj whether the length of the vibrations he 
greater or smaller. 

Upon this uniformity in the times of vibration depends the 
uniformity of tone ; for if we employ a string (^ unequal thick- 
ness, and consequently one whose vibrations are peribrmed in 
different times, the sound is confused and variable, and any oth- 
er mode by which we destroy the isochronism, produces a sim- 
ilar effect. The same law has been found to extend to all other 
cases of musical sounds ; and, therefore, we may conclude, that 
isochronism in tlie vibrations of sonorous bodies, is essential to 
their producing musical sounds* 

346. In vnnd instruments, a column of confined air itself is 
the vibrating body; and here the vibrations are longitudinal 
instead of lateral, as is the case with stiings. That it is really 
the air which is the sounding body in a fiute, organ pipe, or other 
wind instruments, appears from the fact, that the materials, 
thickness, or other peculiarities of the pipe, are of no consequence. 
A pipe of paper and one of lead, glass, or wood, provided the di- 
mensions are the same, produce, under siifiilar circumstances, 
exactly the same tone as to pitch. If the qualities of the tones 
produced by different pipes differ, this is to be attributed to the 
friction of the air within them, setting, in feeble vibration, their 
own proper materials. The class of bodies vibrating Ungitu- 

What effect has it to increase the tension — or to shorten the string — or 
to increase its size? How are the limes of the vibrations of a string when 
fixed at both ends? Upon what depends uniformity of tone ? To what is 
uochronism in the number of vibrations essential? In wind instrument* 
what is the vibrating body ? Does the nature of \hemaX«t\^^^^'(^X^^^'-' 
neM> wake any difference t 
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IS not only more dtvenified in its ponera than the Mlier 
classes i>f sounding boJtea, but also more exiensive in the ruge 
of subsUnces which ii comprehends. 

347. The diflmnl fiicA of bodies vibrating longitudb^, 
and fiee M both etticmtties, dcpenda on four circumstances, til I 
their eUsUciiy, ilie lentpotary rate at which their elasticii^ 
u increawd by condensaiion, their lengih, and their Bpecifo 
^viiy, ihe tune of a body being more acute, according a> the 
elasticity, aud the rate of tia increase by condensation, are grey- 
er, m the length and specific gra* iiy less. The length of ik 
soDorous body is almost exclusively ihe only one of these cii- 
cumstHnces which we hnve completely in our power i and wiiJi 
regvdtoordinary wind instruments, and all musical instrumenli 
where common air is the vibrating body, the length is the cir- 
cumstance of most importance, since the elasticity, ral« of cod' 
densation, and specific gravity are then nearly constant qu an tiiiet' 
The change of specific gravity, however, to which the ait is 
subject in consequence of changes of temperature, materjally 
affects the pitch of wind instruments. The frequency of vibra- 
tion of a column of air is found to be increased about ^, by an 
devation of 30° Fahrenheit. Thus, the lone of an organ haa 
been tbuud to be higher in summer than in winter ; and flutes 
and other wind instruments become gradually more acute as ibe 
included air is healed by the breath. 

348. If a bell he slruck by a clapper on the inside, the bell n 
made to vibrate. The base of the bell is a circle ; but it has 
been found that, by strikino any part of the circle on the inside, 
that part flies out, so thai the diameter which passes through ihia 
part of the base, will be longer than the other diameters. The 
baae is changed by the blow into the figure of an elhpse, whnse 
longer axis passes through the part against which the elapper ii 
thrown. The elasticity ofthe bell restores the figure of the b»sfl, 
andajjain elongates ihe bell in a direction opposite lo the former; 
and the two elliptical figures thus altprnate with each other, 
growing smaller and smaller, hke the vibraliona of a pendulum 
when the moving force is withiirawn, until the sound dies away. 
We may he convinced by our senses, that the parts of the bell 
are in a vibratory motion while it sounds. If we lay the hand 

StBis Iho/DurcircuniBlnnrr! uii which Hir pitch ofbortki vibrniiiig lou- 
ijlurtiiiiilly riepenrta? Whteli onhpsc ca we. contiol.' How inuchl* 

prtaliire30°f How exDmpn<le<t in ih? ntf,an, aute,&c. f Wha't'^hI«S& 
Sgace rices a bell undergo when swucV^ ^^H 
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ititly upon it, we shall feel this tremulous motion, and even be 
»le to stop it ; or if small pieces of paper be put upon the bell, 
( vibrations will set them in motion. 

We may conceive the bell to be formed of an infinitude of 
igs, placed one above another, from the base to the highest 
nni. The rings situated nearer to the base, having a greater 
rcumference, tend to perform their vibrations more slowly, 
hile the rings nearer to the summit, whose circumferences are 
aaller, tend to produce vibrations oftener. These sounds will 
• coalesce as to produce a mixed sound, intermediate between 
ose of the higher and lower rings. 

Propagation of Sound. 

349. Air is, in general, the medium of sound. A bell struck 
ider the receiver of an air pump, gives a feebler and feebler 
•und, as the exhaustion proceeds, until, when the rarefaction 
carried to a certain extent, it emits no sound at all. Hence, 
I the summit of high mountains, where the air is naturally rare, 
mnd ought . to be weaker than at the general level of the 
irth ; and such is found to be the fact. Saussure relates that 
K)n the top of Mount Blanc, the firing of a pistol made a report 
> louder than that of a child's toy-gun. A fact mentioned by 
avellers in Alpine countries is explained on this principle, 
hey see distincily a huntsman on a neighboring eminence, and 
jserve the flashes of his gun, but can scarcely hear the report, 
^en when comparatively near them. 

350. The agency of air as the medium of sound may be 
•iefly expressed thus : 

Air receives from sounding bodies vibrations , which it commU' 
cates to the organs of hearing. 

In an open space, and in a serene atmosphere, sound is prop- 
jated from the sounding body in all directions. Sounds, even 
le most powerful, when thus transmitted freely through the air, 
minish rapidly in force, as they depart from their sources, and 
ithin moderate distances wholly die away. What law this 

What sensation is felt on applying the hand to a bell while ringing? Sup- 
«e the bells formed of rings. Propagation of Sound — What is the or- 
nary medium of sound.' Case of a bell under the receiver of an ai| 
imp — sound on the top of a high mountain. State the agency Q(«iVi\t^ 

eproductinn of sound. Is ibe law by whivh sound iacie«L«t&^X^^\%V8ktk^<i^v 
teiwiaedf 

18 * 
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» buauji the hrarer aod ihe somnn 
t, if vliSe a bcB is MNM^Bg, booses iRterrene b^ 
t«RKiBaadllielieIL,*elirvit ■oaodbu faintly compared wilb 
«IM we hev aAcr we bare umed ibe roroer of the building. 
ftum tbi* &CI MNnd would senn to be propo^ied in stnigbt 
Baaa. If, howe»er, we speak ihiough a lube, the Toice will be 
iriwOy confined by ibe tube, and will follow iis windiogs boir- 
e*er tortuous ; hence we infer, thai sound is propagated, not ii 
right lines like radiant substances, as heal ami li»ht,l>ut iawadt- 
lofioiu after the manner of waves, such as follow when a stone li 
thrown into still water. 

352. Though air is the most common medium of aonnd, yd 
it is not the only medium. Various other bodies, both solid an! 
fluid, are excellent conductors of sound ; and the fainter sound if 
the bell when buildings intervene, as in ihe case supposed, ansa 
fii)m the fact that toundpasscs laith diMcuity from one m^hnrntt 
anolhtt. ir a log of wood is scratched widi a pin at one ei- 
tremiiy. a person who applies his ear to the other extremin wSi 
bear tno sound distinctly, and when a long pole of wood w i^ 
plied nt one end to the teeth, the licking of a watch may be baud 
at thn (ilhur cud.ut a much greater distance, than when ibereii 

ai.ndaffFctotftjrlM 
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m mediom of commmiication bot the sir. The motioD of s 
troop of csTsliy is heard at a great distance by applying the 
ear close to the ground, and it is well known that dogs by this 
method first discover the approach of a stranger. 

353. The velocity of sound is progressive. Thus, when s 
gun is fired at a distance from us, we perceive the flash some 
time before we hear the report. Thunder follows the lightning 
at a perceptible interval, although they are kno^n to be cotem- 
poraneous events. If a gun be fired at a certain known distance, 
and we observe the int^irval between the flash and the report, we 
may obtain the rate at which sound passes, that is, the velocity 
of sound. Many years since. Dr. Derham made a number of 
accurate and divosified experiments on this subject, and fixed 
the velocity of tSAd at 1 142 feet per second. The mean of a 
great Dumb^ of experiments gives the average velocity of 1130 
feet per sadond; but the velocity a^t determined by Derham, 
namely, 1142 feet per second, is that which has been generally 
admitted as the standard. Since, however, the transmission of 
aoimd depends on the elasticity of the medium, (Art. 347.) causes 
which affect the elasticity, likewise aflfect the velocity of sound. 
Thus, the velocity is a little greater in warm than in cold air, and 
consequently is somewhat influenced by climate. 

354. Sound moves with a uniform velocity ; that is, it passes 
^ver equal spaces in equal times. This important fact was first 
ascertained by Derham, who found that it held good whether the 
sound were strong or feeble, whether it proceeded from a ham- 
mer or a cannon : in short, that neither the strength nor the ori- 
gin of the sound made any diflerence. M. Biot caused several 
airs to be played on a flute at the end of an iron pipe 3120 feet 
long, and the notes were distinctly heard by him at the other end, 
without the slightest derangement in the order or quality of the 
sounds. The velocity of sound, however, when transmitted 
through the air, is slightly influenced by the strength and direc- 
tion of the ivind. Dr. Derham found that when the wind is blow- 
ing in the direction of the sound, its velocity must be added to the 
standard velocity of sound, and must be subtracted from it when 
opposed to it. A transverse wind does not aflfect the velocity 
of sound in the slightest degree. 



What is the velocity of sound p^r second ? Is the velocity of sound unl- 
Ibnn? Recite the experiment of Biot. What effect Vias \\i« V\\i^ >^'^>\ 
/be Telocity of sound ^ Doe§ a transverse w'lud affecV \v^ 
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35S. From a knowledge of the velocity of sound, the AjdmM 
of a souniliug body may be esiimaieJ, Thus, if the inietval be- 
tween aueiiig » flasb of Itghtoing and hearing the thunder, be sii 
■etoiitia, the distance of ihe cloud is 6x 1142=6852 feei.m 
:^ miles. Tie air ts a loiter conductor of sound ic/.en hamii 
than uiA'n dry. Thua a bell is heard belter just before a rain; 
and this fad lends some countenance to anopiniou of the ancienH, 
that sound is heard better by night thau by day. Humboldt wit 
particularly atruck with this fact, when be heard the noiseaftht 
great caiaiacta of Oronoco, which he describes as three tima 
greater in the niglit than in the day. The distance to which 
aound may be heard, will of couree vary with its force, and va- 
rious other eiTcumataiices which are iiicapableof being reduced 
to au exact law. Volcanoes, in South Aineriep, have sometima 
been heard at the distance of three fciodred jwles ; and iia»i»l 
•nRagemenis have beeu heard at the dist.in** of two hundred 
miles. The unaasisted human voice b.i^ bem he«* from Old 
to ISew Gibr.at-,«, a distance of ten or twrlvt- nwlea. the watch- 
word Ali's WkU given at the tbrmer place being heard al thfl 
Bitter. Sonuda are heard to a much grtater distance over water 
than over land, and fanhet on araooih than oq rough surfaces. 

338, Li</uiils urv good conductors uf sound. Indeed, sound JB 
conveyed with fur ^p^aier velocity in water than in air, and this 
»00 liicwniietiuence of its greater elasticity ; for, since water hw 
ti found by Herkina and others, capable of compression andol 
1 5'**"''">? "self when the compressing force is removed, it isV 
"•accounted uot only elastic, hut as exceeding aeriform bodttf 
iWrtsticityin proportion as the force required to compress it i 
^pettier. Ur. Franklin having plunged his head below waief 
«t»«I a person to strike two stones tosetherbeneaih thesnr&W 
•^hearj Ihe soutnl distinctly at the distance of more than ha) 
Aou h siti'lar experinieais, it has been ascertained, tlm 

the ^u *,'*'"' '^ * ™"':'t better conductor of sound than air. y« 
into the if *''^"^y etifeebled by passing out of one mediui 

«**» iui^*^ '^^tanns ctmcy sound mth vanoas drgrtts efft 
— " '**^«'"»«*'BiwMX6«.iifrlAan air. ™dfl.»»eH «■«««*« 
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IT than fluids. By placing the ear against a long diy brick 
rail, and causing a person at a consiijerable distance to strike 
t once with a hammer, the sound will be heard twice, because the 
irall will convey it with greater rapidity than the air, though 
inch will bring it to the ear. The rate at which cast iron con- 
lucts sound, was ascertained by M. Biot in the following 
nanner. He availed himself of the laying of a series of iron 
npes to convey water to Paris. The pipes were about eight 
eet in length, and were connected together with smaU leaden 
ings. A bell being suspended within the cavity, at one end of 
he train of pipes, on striking the clapper at the same instant 
igainst the side of the bell, and against the inside of the pipe, 
wo distinct sounds successively were heard by an observer 
stationed at the 9^/f extMUty. With a train of iron pipes two 
housand five bidHp andflffy feet.ornearly half a mile in length, 
lie intervdfaeCvvflp the two sounds was found from a mean of 
:wa hondi^tiisll^ be 1 .79 seconds. But the transmission of 
loond through the internal column of air, would have taken 2.2 
lecon^ ; which shows that the sound occupied only .41 of a 
second in passing through the metal. From more direct trials, 
t was concluded that the exact interval of time, during which the 
lonnd performed its passage through the substance of the train 
3f pipes, amounted to only the .26 of a second, showing that iron 
MHiducts sound about ten times as rapidly as air does. If a 
itring be tied to a common fire shovel, and the two ends of the 
string be wound round the fore fingers of each hand, and the 
fingers be placed in the ears, on striking the bottom of the shovel 
igainst an andiron or other solid body, very deep and heavy 
tones will be heard, and the vibrations of the metal will be clearly 
perceived. 

The great power of solid bodies to conduct sound is exempli- 
fied in earthquakes, which are heard almost simultaneously in ^ 
rory distant parts of the earth. Musiealboxes sound much louder 
when placed on a table or some solid support, than when the 
air affords the only conducting medium. It is easy to ascertain 
ivhether a kettle boils, by putting one end of a stick or poker on 
the lid, and the other end to the ear : the bubbling of the water, 
Krhen it boils, appears louder than the rattling of a carriage in 
the streets. A slight blow given to the poker, of which one 
Dod is held to the ear, produces a sound which is even painfully 
bud. 



How wtLf the conducting power of east iron a^certaine(l by Biot.' State 
Am experiment with a fire shovel. How it the coi\ducu\\^^>N«\ o\^% 
»«rtb exempliSed in earthquakes^ How lo atceilam TiYieii ^ \aV\<6 «1 
fMUr is boiling ^ j 

18^ 
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300 MtrtmiTici, ^^^^^ 

358. A p4iyiiciaa of Pahs jntrodncefl into meAcal pfMSet 
ao imlrumeni.ilrp^nifing on the power of solid tioities tu conddtl 
■ounil, callol the Sirtkoteape, ihe object ol' wfticb ts to nadcran- 
dible itie acliona of ihe heart atiil the neighboria^ orgao*. It 
GOnniHtBora wooiien cvlimler, one end of which is >p(4icd Grady 
to the breast, while Ineutherend is brought la the ear. BtiIm 
roeuit, the proceMca thai are going on in the organs of reapilt- 
tton, and in the (urge bluud vessels about the heart, mav be dis- 
tinctly hHard ; and ii Ih said that the stethoscope, whes skillTuUf 
used, " becomes ihe means of ascertaining aoine diseases in ilie 
che»i, almoataselfeclually as if itierc were couvt^tent windowt 
for visual inspeciioit." 

359. Sounds are nJUcted by harO Mi 
knownphenomennn called an E( HO. Ifa 
friim the sounding body lo the rejecting' surfic^ Kpr^^Mingibe 
course of the sound before reflexion, and another Btrarghtfinebe 
drnwn from the reflecling surface, in the direction of the svnnd 
after reflexion, these two lines will make equal angles with that 
•urfacR : that is, when sound is reflected, the angU ofrrjUxiui 
it equal lo the angle of incidence. The surfaces of variolB 
bodies, solids as well as fluids, have been found capable of n- 
fleeting tiounds, viz. ^le aides of lulls, houses, rocks, banks of 
earth, ibe large trunks of trees, the surface of water, especially 
U the butloin of a well, and somaiimes even the clouds. Iiii 
therefore evident, that in an extensive plain, or at sea, when 
there is no elevated hotly capable of reflecting sounds, no ecbo 
can be heard. It is hence easy to see wby the poets, who can- 
vert Echo into an animated being, place her habitation neat 
mountains, rocks, and wikhIs. An echo is heard when a person 
stands in a position to hear both the original and the reflected 
sound ; and the interval will be gre»tet or less according to the 
distance of the reSeciing surface from the sounding body ami 
from the hearer, and hence the interval may he made a measun 
of the distance. If the sound of the voice returns to the speaker 
in two seconds, the distance oflhe reflecting surface is one thou- 
sand one hundred and furly-two feet, and in that proportion for 
other iniervals. Thus the breadth of a river may ' 
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i^hen there is an echoing rock on the farther shore. , A perpen- 
dicular mountain's side, or lofty cliffs, such as frequently skirt 
the sea coast, sometimes return an echo of the discharge of 
artillery, or of a clap of thunder, to the distance of many miles. 
The number of syllables that can be pronounced in half the inter- 
val, will be repeated distinctly ; but a greater number would be 
blended with the commencement of the echo. 

360. The furniture of a room, especially the softer kind, 
such as curtains or carpets, impairs the qualities of sound by 
presenting surfaces unfavorable to vibrations. A crowded au- 
dience has a similar ejQect, and increases the difficulty of speak- 
ing. Halls for music, or declamation, should be constructed 
with plain bare^lplls. ^Alcoves, recesses, and vaulted ceilings, 
produce revftrtH|H|ions,VlHch often greatly impair the distinct- 
ness of 4l)[Q|CUtijw Indeed, the qualities of a room, in regard 
te soundaij^ nvdified by so ii\aiiy circumstances, that the sci- 
ence of acoustics is worthy of more attention from the archi- 
tect than it has generally received. Plane and smooth surfaces 
reflect sound without dispersing it ; convex surfaces disperse 
it, and concave surfaces collect it. The concentration of sound 
by concave surfaces, produces many curious effects both in na- 
ture and art. There are remarkable situations where the sound 
from a cascade is concentrated by the surface of a neighboring 
cave, so completely, that a person accidentally bringing his ear 
into the focus, is astounded by a deafening noise. Sound issu- 
ing from the center of a circle, is, by reflexion, returned to the 
center again, producing a very powerful echo. Such efl^ects 
are observed in the central parts of a circular hall. An ellipti- 
cal apartment conveys sound very perfectly from one focus to 
the other. A whisper uttered by a person in one focus of such 
a chamber, will be audible to a person in the other focus, 
though not heard by persons between. 

361. The rolling of thunder has been attributed to echoes 
among the clouds ; and that such is the case has been ascer- 
tained by direct observation on the sound of cannon. Under 
a perfectly clear sky, the explosion of guns is heard single 
and sharp, while, when the sky is overcast, or when a large 
cloud comes over head, the reports are accompanied by a con- 
^ ■ ■ - ■ a 

What effeci has the furniture of a room upon the quality ol M>und? 
How do pUiie. convex, and concave surfaces, regpeciively reflect bound f 
How is the sound of a cascade sometimes concentrated? W^N^w^^xa^tA. 
is&ues from the center of a circle, bow is it reft*'Cled^ Wovi Ivcww >>cv^ ^s:^ 
eu8 of aa ellipse ? YViiat causes the rowing o/ thuiuLer % 
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iMwrf idL lifci ^mirw.md ■rrawMnlly a Jodble leport ariwa 
htm a ■■{Ir ib*. TW c^tftaaed Hiand of dtBUsi thmidcT, 
wtiii li u ■namiifi piabngtJ farmsy lecoa^ is not aJtrajn 
oviflg to retcrtcnuon, faa fivqueody^ man siiopljr frotn the 
ASetftt. diMatKca af die asae flasfa. AUMBgh the progreu 
of s flaafa of IiiglilBiog lliniagh the *ir were abaidu)«ly issun- 
taneous, still, if its path were in a line thai would cany it 
b/ttief from Ihe ear in oae place than in another, ibere would 
be a cmretipanding diifereDce in the limes »l which the sound 
gen«rai«cl io differmi portians of the path would reach tbe 
ear. Herathel observes, that if (an is almost always the caw] 
the flash be zigzag, and composed of broken, rectilinear, and 
carriUnear poriionB. eome concare, some convex to the ear; 
and especially, if the principal Inink eepuuea into maiif 
branches, each breaking iis own w^ ihrtai^ the air, anil 
each becoming a separate source of thunder, all tbe varieties 
of that awful sound are easily accounted for. 

362. The Speaking Trumpet ban been sopposed by IdoeI 
writers on aound, to owe m peculiar properties to its multiply- 
ing §ound by numerous redeiions. Hence is suggested ibe 
form of a parabolic conoid, or a lube, the aeclion of which is 
■ DHnibula, the place of the mouth being at the focus of a pa- 
rabola. The vibrations emanating from tbe mouth would then 
be reflected into straight lines parallel with the axis of the 
tniinpel, and would thus go forward iu a collected body Io a 
distiiiil point. And, since sucb a form ia also favorable for col- 
lecdtig distinct sounds iulo one point, the same ligure is pro- 
posed as most suitable for ihe Ear Trumpet. But the sound 
of these instruments may be regarded as merely the longiiudi- 
nnl vibration of a body of air, to which niomenluni is given in 
the dirociioii of the axis, not by refleiion from tbe sides, bat 
by the direct impulse of the mouth. The ancients were ac- 
qu«iiii«l with the speiiking trumpet. Alexander the Great is 
■Hid lo have had a horn, by means of which he could give or- 
ders to his whole army at once. 

363. When separate sounds are repealed with a certain de- 

Seo of frequency, the car loses the power of ilistinguishinf 
intervals, and they appear united in one continued sound. 
By this menna also, sounds, harsh and dissonant in themselves, 
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form a soft and agreeable tone. Any sound whaterer, repeated 
not less than thirty or forty times in a second, excites in the 
hearer the sensation of a musical note. Nothing is more un- 
like a musical sound than that of a quill drawn slowly across 
the teeth of a coarse comb ; but when the quill is applied to 
the teeth of a wheel whirling at such a rate that 720 teeth pass 
under the quill in a second, a very soft, clear note is heard. In 
like manner the vibrations of a long harp-string, while it is 
very slack, are separately visible, and the pulses produced by 
it in the air are separately audible ; but as it is gradually tight- 
ened, its vibrations quicken, and the eye soon sees, when it is 
moving, only a broad shadowy plane ; the distinct sounds which 
the ear lately perceived, run together, owing to the shortness 
of the intervals, and are heard as one uniform continued tone, 
which constitutes the note or sound proper to the string. 

Nature presents us with numerous examples of a musical 
sound produced by the rapid succession of an individual sounds 
not at all musical in itself. The hum of winged insects, pro- 
duced by the frequent motion of their wings, the murmur of a 
forest, occasioned by the agitation of the leaves and boughs, 
and the sublime roar of the ocean, constituted of the separate 
sounds produced by innumerable waves, are familiar ezamplea 
of the operation of this principle. 

364. Musical intervals, or sounds differing from each other 
in pitch by a certain interval, are found by experience to be 
peculiarly agreeable to the human ear ; a fact for which we 
can assign no reason, except that such is the constitution of 
the mind. Birds may sometimes exhibit a fine voice ; but their 
tinging is not musical, having nothing to do with musical in-» 
tervals. 

Musical sounds have certain ratios to one another, and are^ 
thus brought into the province of Mathematics, because the 
number of vibrations which produce one musical note, has a 
constant ratio to the number which produces another musical 
note. Thus, if we diminish the length of a musical string one 
half, we double the number of its vibrations in a given time, 
and it fi[ives a sound eight notes higher in the scale than that 
given by the whole string. Therefore, these sounds are repre- 
sented by the numbers 2 and 1, and are said to be in the ratio of 
2 to 1. The upper note is said to be the octave of the lower ; 



Examples in the sound of a quill and comb, and in a harp string. Ex- 
unples in nature. What does experience decide respecting nvvisvc«LV W 
ttrvalsf Wh/ are musictil ttounds brought mlo the ^toVvvic:^ oi ^% 
matbematJcs f What is aa octave f 
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to want qtialification to keep off languor and satiety, when some 
bold musician had the courage and address to render it piquant 
and interesting, by means of discords, in order to stimulate at- 
tention ; and thus by giving the ear a momentary uneasiness, 
and keeping it in suspense, its delight became the more exqui- 
site, when the discordant difficulty was solved. Discord in 
musical composiiion, however, does not consist in the excess 
or defect of intervals, which, when false, produce jargon, not 
mnsic ; but in the warrantable and artful use of such combina- 
tions as, though too disagreeable for the ear to dwell upon, or 
to furnish a musical period, yet so necessary are they to mod- 
em counterpoint, and modem ears, that harmony without their 
relief, would satiate, and lose many of its beautiful effects." 

367. The theory of Musical Instruments will be readily un- 
derstood from the principles already explained. It will be seen 
that they all owe their power of producing musical sounds to 
their susceptibility of vibrations ; that the force or loudness of 
the sounds they afford depends on the length of the vibrations, 
and the graveness or acutenessof the sound, in other words, the 
pitch, on their slowness or frequency ; and that their chords de- 
pend, in general, m^oh frequency of coincidence in the vibrations 
that afford the several sounds of the concord. The nature of 
stringed instruments may be learned from the violin. Here the 
strings are of the same length, but differ in weight and tension ; 
those designed to afford the lower notes being heavier and less 
strained, and those for the higher notes being lighter and more 
tense. The lengths, moreover, are altered by applying the fin- 
gers. The several strings are usually so adjusted to each 
other, that is, so tuned, that any two contiguous strings make a 
fifih. Hence the fourth, or highest stop on one string, brings it 
into unison with the string above ; and the third stop on any 
string forms an octave with the open string next below. On 
account of this power of altering the effective lengths of the 
strings at pleasure, of developing the harmonic sounds by a 
skilful application of the fingers, and of varying constantly 
the degrees of fullness or force in each sound, by a dexterous 
nse of the bow, the violin becomes, in the hands of an accom- 
plished performer, an instrument of great power and compass, 
while it is capable of greater variety than any other musical 
instrument. 



To what do mus'teal insirumenis owe their power? On what does their 
force ot loudness depend? On whdt tho pitch f On wVvilX \^« tKut^t 
Explajo these principles from the yiolin. How UU \un«d^. 
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The Jtute afibrda an example of wind iDBtnimenta. Hen 
Ihe vibrating body is a columa of air, to wbich difTerent lengths 
are given by means of the stops wbich are opeued and closed 
by the tiiigere. The rapidity of the vibrations, and cooae- 
quently the pitch, is also changed a whole octave by the man- 
agement of the breath. 

36S. In mixed wind instruinents, the vibrations or alterna- 
tions of solid bodies are made lo co-operate with the vibration* 
of a given portion of air. Thus, in the trumpet, and in homa 
of various kinds, the force of inflation, and perhaps the de- 
gree of tension of the lips, determines the number of parts into 
which the tube is divided, and the harmonic which ia produced, 
The hautboy and clarionetie have mouth-pieces of different 
farms, made of reeda or canes ; and the reed-pipes of an organ, 
of various constructions, are furinshed with an elastic plate of 
metal, which vibrates in unison with the coiuiim of air which 
they contain. An organ generally conaiats of a number of dif- 
ferent series of pipes, so arranged, that, by means of registers, 
Ihe air proceeding from the bellows may be admitted to supply 
each series, or excluded from it at pleasure ; and a valve ii 
opened when the proper key is touched, which causes all ihe 
pipes belonging to the note, in (fiose series of which the regis- 
ters are open, to sound at once. 




PART IV. — ^ELECTRICITY. 



CHAPTER I. 

OF THE GENERAL PRINCIPLES OF THE SCIENCE. 

369. The tenn Electricity is used to denote both the un- 
known cause of electrical phenomena, and the science which 
treats of electrical phenomena and their causes. 

The most general effect by which the presence of electricitjT 
is manifested is attraction. Thus, when a glass tube is rubbed 
with a dry silk or woolen cloth, it acquires the property of at- 
tracting light bodies, as cotton, feathers, &c. When, by any 
process, a body is made to give signs of electricity, it is said 
to be excited. When a body receives the electric fluid from an 
excited body, it is said to be electrified. Since there is found to 
be a great difference in bodies in regard to the power of trans- 
mitting electricity, all bodies are divided into two classes, con- 
ductors and non-conductors. Conductors are bodies through 
which the electric fluid passes readily ; non-conductors are bo- 
dies through which the electric fluid either does not pass at all, 
or but very slowly. The latter bodies are also denominated 
electrics, because it is by the friction of bodies of this class 
that electricity is usually excited. An electrifled body is said 
to be insulated, when its connexion with other bodies is formed 
by means of non-conductors, so that its electricity is prevented 
from escaping. Instruments employed to detect the presence 
of electricity are denominated electroscopes ; such as are em- 
ployed to estimate its comparative quantity, are called electrom^ 
eters. This distinction, however, is neglected by some writers, 
and, to avoid the unnecessary multiplication of terms, it will 
be neglected in the present treatise, instruments of either kind 
being called electrometers. 

370. The Pendulum Electrometer is formed by suspending 
some light conducting body by some non-conducting sub- 



EUctrieity. — In what two senses is the term used f By what effect is 
the presence of electricity manifested ? When is a body said to be ex- 
cited.'* — when electrified ^ Define conductors and uon-conductors. Why 
•re the latter called electrics? When is a body said to be insulated.^ 
Define electroscopes and electrometers. How it Ihe ^MuVuixi «\^tXt^\s^- 
eter formed.^ 
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liec««cr«fa*aaIl^nscTliadcr. B^ 
llm OTaogeaMM, the pieces of gold teaf sre 
iaadsMl ; ibey are pnitecied (rom agiiaiien 
by the air, and Electndty it easily ctmrered 
U* itieiR by bringing aa electrified body into 
contact wMi the cuvtr. The approach of an 
dcclrilictl body caiuc* ihe leaves to separate, 
or when previuutly aeparated, to collapse ac- 
c<mlitig 10 priiii;ipleii lo be explained pre- 
wnily. 

Ity iho ail) of the rarogi>ing instmraents, or 
even by muaim of the pendulum eleclromeier 
alotio, wc may aacerlain ihe fullowing leading 
Bra ao miiiiy nuidamenlR] truths, in the science 



371. I'aoi'. 1. Etcetriciii/ is produced hy the Friction of ail 



AUlinugh IViction ia ihe most common, and by far the mosl 
ntanalvo mciuia of axcitinff bodies, yet it is not the only 
n)eill)a> EloL'iricity ia nianiTusted during the changes of statu 
In bodini auvh hn liiiuoDiclion nnd congelation, evaporaiioo 
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md condensBtioii. Some bodies eren are excited hj mere 
pressure ; ochen by the esmUt^ or separatum cf difereni smr* 
faces. Moet ckemieal eambimaiions and iecampositums are also 
attended by the eyolution of Electricity, which manifests ita 
presence to delicate electrometers. 

If we mb a piece of amber, sealing wax, or any other resi- 
Mous substance on dry woolen cloth, or for, or silk, and bring it 
to¥rard8 an electrometer, it will give signs of electricity. A 
glass tube may be excited in a similar manner. Moreover, if 
we bring the excited tube near the face, it imparts a sensation 
resembling that produced by a cobweb. If the tube is strongly 
excited, it will alSbrd a spark to the knuckle, accompanied by a 
snapping noise. A sheet of white paper, first dried by the fire, 
and then laid on a table and rubbed with India rubber, will be- 
come so highly excited as to adhere to the w^ll of the room, or 
any other surface to which it is applied. Indeed, friction is so 
constantly attended by Electricity, that in favorable weather 
the fluid is abundantly indicated on brushing our clothes, which 
thus are made to attract the light downy particles that are float- 
ing in the air. 

372. Our proposition asserts that Electricity is produced by 
the friction of all bodies, whereas if we hold in the hand a 
metallic substance, a plate of brass or iron, for example, and 
subject it to friction, we shall not discover the least sign of elec- 
trical excitement. In such cases, however, the Electricity is 
prevented from accumulating in consequence of the substance 
being a good conductor, and thus conveying the fluid to the hand, 
which is another good conductor, by which means it is lost as 
fast as it is excited. But if we insulate a metallic body, or 
any other conducting substance, then, on being rubbed, it gives 
signs of Electricity, like electrics. 

373. Prop. II. The Electricity which is excited from glass, 
and a numerous class of bodies, exhibits different properties from 
that which is excited from amber, or sealing wax, and a class of 
bodies equally numerous with the other. 

The kind of fluid excited from glass and analogous bodies is 
called vitreous, and that from amber and analogous bodies, resi' 

'^ Recite the experiments with a piece of amber, with a glass tube, and 
with a sheet of white paper. Are all bodies capable of being electrified 
by friction ? State the proposition comparing the respective propertiet 
of glass and amber. Explain the terms vitreous and Te%\tk.o>l%^ ^'€v>\'«^ 
MDfi negative. 
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Kous Electricity. Tlie lemi positive is also tised instead of Ttl- 
leouB, and ntgative instead ol' resinous. 

In order to understand the applications of the preceding tenia 
vitreous and resinoas, posiiive and negative, it is necessary a 
know someihing of tlie two liypotheaes upon which these lenn 
are respectively founded. The first hypothesis is that propo- 
sed by Da Fay. ll ascribes all electrical phenomena to iha 
agency of (too fluids specifically different from each other, aod 
pervading all bodies. In unelectrified bodies, these two flaidB 
exist in combi nation, and exactly neutralize each other. B; 
(he separation of the two fluids it is that bodies are electrified, 
and it is by the re-union of the two fluids, that the Eleclrieitf 
is discharged, or bodies cease tube excited. The second hy- 
pothesis was proposed by Dr. Franklin. It ascribes all elec- 
trical phenomena to the agency of one fluid, which, as in the 
other case is supposed to pervade all bodies, being nalurallyiR 
K state of equilibrium. It is only when this equiUbrium is de- 
stroyed that bodies become electrified, and it is by the reslo- 
lation of the equilibrium that the Electricity is discharged, or 
bodies cease to be excited. But a body is electrified when it 
has either more or less of the fluid than its natural share ; in 
the former case it is positively, in the latter case ne^ofiWy, 
electrified ; positive Electricity, therefore, implies a redundancy, 
&nd negative Electricity, a deficiency of tlie fluid. 

374. Prop. HI. Bodies electrified in different ways attract, 
and in the same way repel each other. 

Thus, if an insulated pith ball, (An. 370,) or a lock of col- 
ton, be electrified by touching it with an excited glass tube, it 
will immediately recede from the tube, and from all other bodies 
which afford die vitreous Electricity, while it will he attracted 
by excited sealing wax, and by ail other bodies which afford 
the resinous Electricity. If a lock of fine, long hair, be hdd 
at one end, and brushed with a dry brush,, the separate hairs 
will become electrified, and will repel each oilier. In liko 
manner, two insulated ptth halls, or any other light bodies, 
will repel each other when they are electrified the same w«y, 
and attract each other when they are electrified different ways. 

Explain Ibe b/poihesi; of Du Faj, mid that ai Fianlilin. Accatdinc 
tn Du Fb)f'« hypolheeii, wbai ukes place wlien clectrirjly 1> eidled. and ' 
CTh&l when it is discharged ? How ri< ' " ' ' ' 
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Hence it is easy to detennine, whether the Electricity afford- 
id by a given body is vitreous or resinous ; for, having elec- 
trified the electrometer by excited glass, then all those bodies 
which, when excited, attract the ball, afford the resinous, 
while all those which repel the ball, afford the vitreous Elec« 
Iricity. 

375. Prop. IV. The two kinds of electricity are produced 
simultaneously ; the one kind in the body rubbed, the other in the 
rubber. 

For example, if we rub a glass tube with a silk or woolen 
cloth, the glass becomes positive, and the cloth negative. The 
foregoing law holds true universally ; but the kind of Electri- 
city which each substance acquires, depends upon the sub- 
stance against which it is rubbed. If we rub dry woolen cloth 
against smooth glass, it acquires the resinous, and the glass, 
the vitreous Electricity ; but if we rub the same cloth against 
rough glass, it becomes positively, while the glass becomes 
negatively, electrified. The following table contains a number 
of electric substances, arranged in such a way that when they 
are rubbed against each other, any substance in the list above 
another, becomes positively, and any substance below it, nega- 
tively electrified. 

1 . Fur of a Cat, 6. Paper, 

2. Smooth Glass, 7. Silk, 

3. Woolen Cloth, 8. Lac, 

4. Feathers, 9. Rough Glass, 

5. Wool, 10. Sulphur. 

The fur of a cat, when rubbed against any of the bodies in the 
table, always affords the vitreous, and the sulphur always the 
resinous electricity. Feathers become negative when rubbed 
against the fur of a cat, smooth glass, or woolen cloth ; but 
positive when rubbed against wool, paper, silk, lac, rough glass, 
or sulphur. 

376. Prop. V. Electricity passes through some bodies with 
the greatest facility ; through others with the greatest apparent 
difficulty, or scarcely at all ; and others have a conducting power 
intermediate between the two. 

How cau we determine the kind of electricity produced in a given 
ease ? Hew do the electricities of the rubber and the body rubbed com- 
pare with each other f What kind of electricity does the fur of a cat 
five ? What kind does sulphur give ? When do feathers give positive, 
and when negative ? Recite proposition V, respecting the coadMt.^Cm|^ 
powers of di£reflt bodies. 

19* 
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lands and charcoal, water and all liquids, (oils exceptgd,) 
4M good cunduciois. Uetled wa^ and latlow are good coa- 
'JMBeton 1 bul ihese bodies while aoLd conduct Tery badly. 
QIm*:, tesina, gums, sealing wax, silk, sulphur, precious stonn, 
•sides, air, and all gases, are non-conductots, or at least very 
'b>d conductors. Atmosplieric air is a non-conductor of Uu 
highest class, when peifirctty dry ; but ii becomes a condudot, 
either when nioiitt or whim nreded. The electric fiuid easily 
penaJea the vacuuin oT aa air pump, or of the Tomcellim 
tnbe; but these are impfifMi vacuums; it ia said that Elec- 
tricity cannot pass iluough a perfeci vacuum. The condud- 
ing powers of naost bodies are itiQupnced by changes of tcm- 
peratore, and alao bv changes of form. Water, in its natunl 
stale, is a good conductor; hui its conducting power is in- 
creased by heal and diminished by cold. 

The same body frequently exhibits great changes in ceo- 
^ctiog power by changes of state, or chemical constitution. 
Thus, green wood is a conductor, dry baked wood a non-con- 
ductor ; charcoal a conductor, ashes a non-conductor, h is 
particularly important to remember thai Metals, Water, and iH 
B>oist Bubsiaoces, Animal substances, as the human body, and 
die Earth itself, are amduciors; while the Air, when dry, and 
bQ Resinous und Vitreous substances, are non-conduelora. 
These bodies are those which are chiefly concerned in makiag 
experiments ivilh electrical apparatus. 

377. Prop. VI. Insulation is effected in varicnts degrees of 
perfection, according to tht state of t/u: atmosphere, and tie M- 
ture of the subslaiices employed as insulators. 

If tile air were a conductor, it is not easy to see how dw 
eleclnc fluid could be confined so as to be accumulated, it 
is, moreover, only when the air is dry that it is capable of iB- 
sulating well ; hence, in damp, foggy, and rainy wealher, elec- 
trical apparatus will not work Well, unless the air is dried arti- 
ficially by operating in a close room highly healed by a ston. 
Lac, drawn into fine threads, is the most perfect iasulauv. 
Compared with silk thread, such a filament is ten times mon 
efieclnal in preventing the loss of the fluid. Fine silk thm^ 
however, when perfectly dry, is among the best insulators ; ud 



Ciiuowtate the best coivJuciors and tlie .beei non-coniluciors, Csa 
electricity psjuhrougli a vaiuum ? v ■ 
lifiom tMidleibeinraoisiwdtjt? 
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where great delicacy is required, a single filament of silk, as it 
comes firom the ball of the silk worm, is employed. Its don- 
ducting power is somewhat influenced by its color, black being 
the worst, and a gold yellow the best color for insulating. 
Glass is much used as an insulator, especially when great 
strength is required, as in supports to various kinds of elec- 
trical apparatus. Glass, however, is liable to acquire moist- 
ure on its surface, in consequence of which its properties as 
an insulator are materially impaired. This inconvenience is 
obviated by giving it a thick coat of varnish. Fine hair is a 
good and convenient substance in some cases of insulation. 

In some cases, conducting or uninsulating threads are re- 
quired. Then fine silver wires, or linen threads first steeped in 
a solution of salt, and dried, are used. 

378. The sphere of communication is the space within which 
a spark may pass from an electrified body, in any direction 
from it. It is sometimes called the striking distance. The 
sphere of influence is the space within which the power of at- 
traction of an electrified body extends in every way, beyond 
the sphere of communication. A glass tube strongly excited 
will exert an influence upon the gold leaf electrometer at the 
distance of ten or even twenty feet, although a spark could not 
pass from the tube to the cap of the electrometer at a greater 
distance than a few inches. 

379. The electricity which a body manifests by being brought 
Dtfir to an excited body, without receiving a spark from it, is 
sOTd to be acquired by Induction. 

When an insulated, conductor, unelectrified, is brought into 
the neighborhood of an insulated charged conductor, its Elec- 
tricity undergoes a new arrangement. The end of it next to 
the excited conductor, assumes a state of electricity opposite 
to that of the excited conductor ; while the farther extremity 
assumes the same kind of electricity. Suppose the excited 
conductor is electrified positively. The end of the insulated 
conductor next to it, becomes negative, and the remoter end, 
positive ; and intermediate between these two points, there 
occurs a place where neither positive nor negative electricity 
can be perceived. This place is called the neutral point. 



Defioe the sphere of communication — also, the sphere of influence. 
Define induction. Explain the diffisrsnce of arrangement in the electri- 
city of an insulated conductor, when brought near a charg<sd coiid^icMai. 
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The reason why unelectnfied bodies axe attracted by excited 

I l^ectrics, is, ihat they are put inu> the opposite state by indao 

l^Bn, aad thee anraciet] opoa tbe general principle laid down in 

I 9top. 111. When they come ioio the sphere of communic^- 

I Imni of the excited body, they immediaiely acquire the same 

I kind of electiiciiy, and are repelled. If tbey come lato coa- 

I tftct with uninsulated bodies, ihey lose the electricity they have 

Bcquired, are aeain put inui the opposite state by tnduclion, 

SfaiD auracted aod again repelled. Tbie procesa will go oa 

Witil the electricity of the insulated conductor Is all conveyed 

The foregoing general principles may be verified with very 
'!ni{Je apparatus, such as pith balls, a glass lobe, and a slick 
r sealing was. But the same facts may be exhibited in a 
. IDUch more striking and impressive manner by the eleclrical 
I inachine and its appendages, and our attention will therejbrebe 
K turned to the consideratioo of the subject of electrical ap- 
paratus. 



CHAPTER ir. 

OF ELECTRICAL APPAHATUS. 

380. The object of the electrical machine is to aecamalaU 
electricity. It is made of aereral different forms, but two of 
tfaeae forms are predominant, which it will be sufficient for qnr 
present purpose lo describe ; of these, one is called the Cyn- 
fler, the other, ihe Plate machine. The Cylinder Machine 
U represented in Fig. 86. The principal parts belonging ID 
it, are the cylinder, the frame, the rubber, and the prime con- 
ductor. The cylindeT (A) is of glass, from eight to twelve 
inches in diameter, and from twelve to twenty-four inches long. 
It should be perfectly cylindrical, otherwise It will not press 
the cushion or rubber evenly when turned. It must be as 
smoDih as possible, for rough glass becomea a partial con- 
iuctor. The cylinder should be so mounted on the frame as 
to revolve without waddling, for such a motion would prevent 
its being in uniform contact with the rubber. The Frame (BB) 
is made of wood, which must be close grained, weU seasoned, 

Why ata uneieclrified bodiM amaclad by such aa are electrifinir 
Etcetric<dApparal'm.~VH,»i\t its abject I' What bib iha two unni 
fi>rrni ? Dascriba thn Cylinict Jiaehine — the cylinder, af nbal marlt 
lUsiK—igan — smoolhneaB, Sic. Hov mounved? -y ] 
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and baked In an oven, and finally coated with varnish ; the ob- 
ject of all this preparation being to diminish its conducting 
powers, and thus preveut its wasting the electricity of the cyl- 




1 



inder. The Rubber (C) consists of a leathern cushion, stufied 
with hair like the padding of a saddle. This is covered with 
a black silk cloth, having a flap which emends from the cush- 
ion over the top of ihe cylinder, to the distance of an inch 
from the poinis connected with (he prime coniluctor, to be men- 
tioned presently. The rubber is coaled with un amalgam* made 
of mercury, zinc, and tin, which preparation has been found, 
by esperience, to produce a high degree of electrical escile- 
meni, when subjected to the friction of glass. The rubber ia 
insulated by placing it on a solid glass pillar, and it is made 



The/rnm(— of what 



rubber — of whai mada 



* The uulguD recDrnmciuled hj Singfr, ddc of the lUeM pndtiea] dettriebv, ii 
MwpMpJ at ijnc iwo «miea, «f tin dim mince, tinL oT nH-Rarf 111 QOBCti- lu 
^Bt Hid tin n»j be iiKliFd lo^tberln ■ ludW, or cnwiUe, uid iHMin^ iuCDimtHtu, 
■misulT bnlid a nnrot Ihe niddei nmgditiaii oT Ac mcllol mRnlt. Ai una 
■ ijier *K! intrDdnKil, Ihej bum te mpUlj' Rhnd wilh Die patle, duiini vbufc 
wntat Ike metcun mir be wMed, ud the ■liirinf eondiiMNl nntU the unlniD I> 
nld,vheB Hirlll fie in Ihe Rinu nfiMiir, nrHBe p.iwder. A liiUe kcd u uiM, <» 

Sn the imaJgiiiii tbe pioper eoorimnee f ^t if, okn ■mlM, \t te «>nu& *'^^ 
tt a nBMUpniptuiiutt of Urd ueed be lued. In hot >«oi^, \cu <vu]wU^v<t 'm^ ia« 
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Hacbue (Fig. 
87.) cotuiiU of a 
circnlar plaie of 
gUua, fropi eight- 
een to twenty-four 
inche* or more in 
(liaineur, lumiog 
Tbitically on an 
ui* (hat passes 
through iu ceiiler. 
The frame i« com- 
peted of materia Is 
•imilar to those 
which compose 
the frame of the 
cyUndrical ma- 
chine. This ma- 1 
chine is furnished 
with two pairs of 
rublieri, altached 
to tho topaiidbot- 
tom of Iho phito. 
The prime uonttucior consiats of a brass cylinder, proceediif 
fWim the center in a line with the axis, and having two branches 
which serve lo increase its surface, and at the aame time to 
connect it with the opposite aides of the plate, so as lo recdTB 
the electricity as il la ev^Tod from eacli cushion. 




-»ihY 



I nlbbtn irti uMd ! How U tb* pi\nt> 



en 



SLBCTEICAL APAEATUt. 233 

It is not agreed which of these two machioes aflbids the 
greatest quantity of Electricity from the same surface ; hot the 
cylinder is less ezpensive than the plate, and less liable to break, 
and 18 more con?enient for common use. 

382. The principles of the electrical machine, will be readily 
comprehended from what has gone before. It differs from the 
glass tube, only in affording a more convenient and effectual 
mode of producing friction. By the friction of the glass cylin- 
der or plate against the rubber, electricity is e?olv^, which is 
immediately transferred to the prime conductor, and may be 
taken from the latter by the knuckle, or any other conducting 
substance. If the glass and rubber both remain insulated, the 
quantity of Electricity which they are capable of affording, will 
soon be exhausted. Hence, a chain or wire is hung to the rub- 
ber and suffered to fall upon the table or the floor, which, com- 
municating as it does with the walls of the building, and finally 
with the earth, supplies an inexhaustible quantity of the fluid to 
the rubber. In cases where very great quantities of electrici^ 
are required, a metalic communication may be formed immediate- 
ly between the rubber and the ground.* 

383. In order to indicate the degree of excitement in the 
prime conductor, the Quadrant Electrometer is attached to it, as 
represented at E in Fig. 86. This electrometer is formed of a 
semicircle, usually of ivory, divided into degrees and minutes 
from to 180,t the graduation begining at the bottom of the arc 
The index consists of a straw, moving on the center of the disk* 

What advantage has the cylinder oyer the plate machine f How does 
the electrical machine differ from the glass tube f How does it afford 
electricity ? Why must the rubber be connected, by a conductor, with the 
ground f Describe the mode of constructing a cheap electrical aparatus f 
What may be used for the cylinder? how mounted? what may be used 
for the prime conductor, for insulators &c. ? What is the composition of 
electrical cement ? Describe the quadrant electrometer ? 

* At electrical machines are expensive, ami not always easily procured bythe private 
learner, it may be useful to sun^est a moae of fitting up a cheap apparatus. A large tine- 
tare bottle may be procured of the apothecary, for the cylinder. A cover of wood may 
be cemented to each end, to the center of which, next to the bottom, is screwed a projee- 
tmif knob for one end of the axis, while the part of the axis to which the handle is attached^ 
u acrewed into the center of the cover of wood next to the nozzle. Thus preoared, it may 
be mounted on such a fhime of hard dry wood as every joiner or cabinet maker can eon- 
atruet. A tinner can make the prime conductor, and several other appendages to be de- 
scribed hereafter. Junk bottles or long vials serve well as insulators. Ingenious sttidenta 
«f electricity, fipequently amuse themselves with making machines of this description^ 
some of wbicn have answered nearly every purpose of the most expensive kinds of appanip 
tns* 
A cement, for electrical purposes, may be made by melting together five ounces of resing 
le ounce of beeswax, one ounce of Spanish brown, and a tea tpoon:&xV oC ^VuMet ^ '^vte^ 

r bciek dust. 

fStmetimn the dirmtm U makd only to nin^y degxeei)'«i)afiS^Vk«3i^^^EkaXNii^ftMMaK\^ 
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380. We[BBLina W c^MBle ■ fcwrf ibe tfects of electti- 
titf » iktf we t^SHud bj^ dM dectrical nnchioe, coti&uiig 
MtHita, for ifcc jwuiml, to ifaose ^KTiflwnta wbich relate to 
iWactKniuid RfabMa, and llw passa^oTthe spark, reserving 
(Mch u relate lo ligta aad heaiio fuUire sectioos. The foUow- 
bg effrct* may beobeerred with a machineof moderate powen, 
tfie rationale of which ilie leanier will readily supply from llie 
propositiim given ioArt. 378. 

(I.) When the machine is lumed, a downy leather, or a lock 
of cotinnheld in the hand by a conducting thread,* will be strong- 
ly attracted toward* the excited surface, 

(2.) A ihoin of tiiread, or lock of fine hair, looped and sub- 
pUidedby thti loopfrom the prime conductor, will exhibit etnnig 
jltpul*ioni between iha thread* or hairs. 




wllhatUltiorihitnil. 
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(3.) The quadrant electrometer, being attached to the prime 
conductor, the conducting powers of different substances maybe 
readily tried. Thus, an iron rod held in the hand, and applied 
o the prime conductor, will cause the index of the electrometer 
o fall instantly ; and the same effect will follow the application 
if any metallic rod. A wooden rod of the same dimensions, will 
:;ause the index to descend more slowly ; and a glass rod will 
[lardly move it at all. These experiments show that iron is a 
perfect, and wood an imperfect conductor, and glass a non-con- 
ductor. In the same manner the conducting powers of a stick 
of sealing wax, a roll of silk, or cloth, and of various other bodies, 
may be illustrated. 

(4.) If a pith ball, or feather, or any other light body held by a 
silk thread, be presented to the prime conductor, it will first be 
attracted and then repelled, and it cannot again be brought into 
contact with the electrified conductor until its electricity is dis- 
charged by communicating with the finger or some unelectrified 
conductor. 

(5.) By placing light bodies between an electrified conductor 
and an uninsulated body, they may be made to move with great 
rapidity backwards and forwards, from one surface to the other, 
being alternately attracted and repelled by the electrified surface. 
By tfiis means are performed electrical dances, the ringing of 
bells, and a variety of interesting and amusing experiments. 

(6.) If the rubber be insulated while the machine is turned, 
the rubber and the glass cylinder, or plate, will be found to be in 
different electrical states ; an insulated body attracted by the one 
will be repelled by the other. 

Bodies are electrified positively by connecting them with the 
glass, by means of the prime conductor, and negatively by con- 
necting them with the rubber, the latter being insulated, and the 
prime conductor uninsulated. 

(7.) An electrified body frequently exhibits a tendency to 
separate into minute parts, these parts being endued with the 
power of mutual repulsion. Thus a lock of cotton, when elec- 
trified, is separated into its minutest fibres. Melted sealing wax, 
when attached by a wire to the prime conductor, is divided into 
filaments so small as to resemble red wool. Water dropping 
from a capillary syphon tube, on being electrified, is made to run 
out i n a great number of exceedingly fine streams. Water spout- 



Effects of electrrcity on the conducting powers of bodies — on attraction 
and repulsion — on the different states of tlie machine and rubber. How 
Wfe bodies electrified positively— how negaiWc\y \ >NVka\.\io^\*%%fc^^\^v«k 
iotm Abres when electrized ^ 
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^. —■•• St or uccmtiin (Art. 291.) is divided into a number of 
X -^ • '■-^s. -Lw: jrtjt xht appearance of a brush. 

^ *. ?viT;!/>ii<!kf electrified air, inconsequence of the mntual 
n-- ^^.'vi Np^vy^i its particles, expands, and when at liberty to 
•?.■■ -, -. . »v-vviiM« rarefied. Thus, a current of air may be set in 
'^"'' ■« trirri mi electrified point, or small ball, or be made to 
*«*"' W»T tlw» neck of a bottle. 

Si\ 'J. i^TV'^onie of the leading experiments which may be per- 
tA-nv^i. *-.;h Uic common electrical machines, in addition tothose 
"fr-^'vM jLjv connected with light and heat, to be more particulaiiy 
<Ws,v.>ifJ hereafter. 

J^ The force ofelectral attraction or repulsion, at different 
4i»9t^Ax<yfs from an electrified body, varies inversely as the square 

HfPncc electrified bodies exhibit strong attractions and repul- 
^'ti$onIy when very near to each other, and the force decreases 
ni(Milly with the distance, being diminished four times by- 
ikuMing the distance, and nine times by trebling it. It is wor- 
thy of ri mark, that the foregoing law is the same as that of 
gravitation. 

Electricity resides only at or near the surfaces of bodies. A 
hollow metallic globe, for example, takes the same charge as a 
solid globe of the same dimensions. Bodies of different figures, 
however, have the electricity distributed over their surfaces in 
different manners. Thus, in a conductor of an elongated figure, 
the electricity is accumulated towards the two ends, and more 
or less withdrawn from the central parts. 



The Lcydcn Jar. 

387. This instrument, which is a very impor- 
tant article of electrical apparatus, consists of a 
glass jar, coated on both sides with tin foil, ex- 
cept a space on the upper end, within two or 
three inches of the top, which is either lefi bare, 
or is covered with a coating of varnish, or a thin 
layer of sealing wax. To the mouth of the jar is 
fitted a cover of hard baked wood, through the 



Fig. 88. 




On what principle is n current of nir set in motion from an electrified 
point? How is the force of eleclriral attraction and lepulsion atdifiereut 
distances? On what part of bodies does electricity reside ? Is the distribu- 
tion a/fected by di£ference \u figure in bodies? How is tiie electricity accu- 
mulated on conductors of an c\ou^axeA ti^ux^^. LejiAcn. Jat — ^ivi\A\^«A 
it cousist ? Describe it — how chat^cOi \iw^ «\\%0^^t%^^» 
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center of which passes a perpendicular wire, terminating above 
in a knob, and below in a fine chain, that rests upon the 
bottom of the jar. On presenting the knob of the jar near to 
the prime conductor of an electrical machine, while the latter 
is in operation, a series of sparks passes between the con* 
ductor and the Jar, which will gradually grow 
more and more feeble, until they will cease ^'S- 89. 

Bltogether. The Jar is then said to be charged. 
If we now take the Discharging Rod, (which 
is a crooked wire, armed at each end with 
knobs, and insulated by a glass handle, as in 
Fig. 89,) and apply one of the knobs to the 
outer coating of the Jar, and bring the other to 
the knob of the Jar, a flash of intense bright- 
ness, accompanied by a loud report, immediate- 
ly ensues. On applying the discharging rod 
a second time, a feeble spark passes, being the 
residuary charge, after which all signs of electricity disappear, 
and the Jar is said to be discharged, 

388. If, instead of the discharging rod, we apply one hand to 
the outside of the charged Jar, and bring a knuckle of the other 
hand to the knob of the Jar, a sudden and surprising shock is felt, 
convulsing the arms, and, when sufficiently powerful, passing 
through the breast. 

389. The Ley den Jar derives its name from the place of its 
discovery. In the year 1746, while some philosophers of Leyden 
were performing electrical experiments, one of ihem happened to 
hold in one hand a tumbler partly filled with water, to a wire 
connected with the prime conductor of an electrical machine. 
When the water was supposed to be sufficiently electrified, he 
attempted, with the other hand, to detach ihe wire from the ma- 
chine ; but as soon as he touched it, he received the electric 
shock. It was by imitating this arrangement, that the Leyden 
Jar was constructed ; for here was a glass cylinder, having good 
conductors on both sides, viz. the hand on the outside, and the 
water on the inside, which were prevented from communicating 
with each other by the non-conducting powers of the glass. A 
metallic coating, as tin foil or sheet lead, was substituted for the 



Describe the discharging rod. What sensation is experienced on re, 
ceiving the charge on the knuckle ? Give the history of tiie Leydeu i^t 
What resemblance have the several parts oC the Jai vo \.Yi« ^cc\^%vw\A «jd\&* 
bioatjott which Grsi Jed to its discovery i 
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J^U Tiuaw vita icK snaimsc ite cLectnc shock fitmi the 
Liiy'iisi Jur. ,puw iut onnic ecxavx^pnc aceosnts of its effects. 
>L ^ cisscaeourcKciK. i. TiuIiMipaer oc L«viieB,Qlf mach eminence, 
«KiU Hiir *' le iat !iiinasLL' jcrock la his arms, shoulders, and 
jimi^. iu iiiit itf JU8C jitt lEmiL : ami a was two days before he 
r«ifojverau dmn iu dififtrs^ « ;&e busw ami the tenor ; adding, 
:nar le -▼ijuuiatic:mk£ff x ii!ctinii:ibx:k&ir diK kxBgdom of France.*^ 
>£ Vw~akii;r. <Jt Laozix ^aeicmsiL cooc -^che tint time he tried 
ittf Ldyuea tixpenmenc '3i! inmii ^uc coaTalsions by it in his 
buuv . imi -zsul j: pur his bltxd into creaL agitation, so that he 
wa» uruii ^jc :in anknc dever. ami w«» obLi^e^ u> use refrigerating 
■Beilicaes. He also Kic •k haBKviness in £il$ head, as if a stone 
Ispr upon .:;. i3ii cwice iz gave him a blee«£uig at the nose." 



291. la m ag!e less enlighceaed than the present, and less 
txTiiiiar wvh the woofers of philcsophT and chemistry, the 
sn r'^'n g and cnxLy surprising e^lpets of Electricity, as exhibited 
fay the Leyden Jar. would aaturally excite great admiration and 
ascoaUhou^nt. Accordingly, showmen craTelled with this a]^- 
ratus thxodisch the principal cities of Europe, and probably no 
object ot' philo«3ophical cariosity ever drew Uigether greater 
crowds of spectators. It was this astonishing experiment, (sajrs 
Dr. Priestley,) that gave eclat to Electricity. From this time, 
it became the subject of general conversation. Every body 
was eager to see, and, notwithstanding the terrible account that 
was reported of it, to feel the experiment ; and in the same 
year in which it was discovered, numbers of persons, in almost 
every country in Europe, got a livelihood by going about and 
showing it. All the electricians of Europe, also, were imme- 
diately employed in repeating this great experiment, and in 
attending to the circumstances of iu. With similar assiduity 
and unequalled success, Dr. Franklin betook himself to exper- 
iments on the Leyden Jar. He effectually investigated all its 
properties, by very diversified and ingenious experiments, and 
gave the first rational explanation of the cause of its phenomena. 
The following experiments may be easily repeated. 

302. (1.) The Jar is charged by bringing the knob near the 
prime conductor y while the machine is in operation. One mode 
of charging the Jar has been alrea dy mentioned in Art. 387. 

Stntti tha riccounti ai fir«l g\v«« ol \\\c iiV\oc\. ^\.^\A^*.^v&%Vv^vvlntihe 
ceJohrhy of rijo I-oyden Jar. Kxpcrimtnls.— Www \^\V^\w t\c««^^V. 
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It may, howerer, either be held in the hand, or placed on the 
table, or on any conducting support : the only circumstance to 
be attended to is, that the outside shall be uninsulated. A Jar, 
while charging, will sometimes discharge itself spontaneously. 
This effect will be more likely to happen, if the uncoatcd inter- 
Tal is Tery clean and dry, and may be prevented altogether, by 
previously breathing on the uncoated part. 

(2.) The opposite sides of a charged Jar, are in different elee* 
triad stales, the one positive and the other negative. Thus, if 
a pith ball, suspended by a silk thread, be applied to the knob, 
it will first be attracted to it, and then repelled ; but it will now 
be attracted by the outside coating, until it becomes electrified 
in the same way, and then repelled, and so on. 

(3«) In order to receive the charge, the outside of the Jar must 
he uninsulated. If we attach a string to the knob of the Jar, and 
suspend it, in the air, to the prime conductor, and put the 
machine in operation, no charge will be communicated to the 
Jar. The same result will follow, if the Jar stands on an insu- 
lating stand,* or is insulated in any other method. An insulated 
Jar, however, may be charged by coimccting its knob with the 
positive conductor, and its outer coating with the rubber. 

(4.) A second Jar may he charged, hy communication with the 
outside of the first, while the latter is receiving its charge. The 
charge communicated to the second Jar, is of the same kind as 
that of the first, and nearly of the same degree of intensity, pro- 
vided the capacity of the two Jars be the same. Moreover, if 
a third, a fourth, or any number of Jars, of the same size, be 
connected in a similar manner, with each other ; namely, having 
the knob of each in communication with the outside coating of 
the next preceding, — then all the Jars will be charged with 
the same kind of electricity, but the degree of intensity will 
decline a little in the successive Jars. If the charge be derived, 
through the prime conductor, from the cylinder or plate, as is 
usually the case, it will be the positive or vitreous electricity. 

(5.) A Jar may he charged negatively, hy receiving the eleC" 
tricity of the ruhher, — the rubber being insulated, and the prime 



When is the j.ir apt to discharge itself spontaneously ? In what states 
are the opposite sides of a jar ? Will a jar receive a charge when insu- 
lated ? How to charge a second jar from the first? If a series of jars be 
charged from the first, how is the strength of the charge iu each ? How 
to charge a jar negatively ? 

* An insulating stand, is any flat lupjport, insulated by a pillar of jg^Iass. The pillar ii 
luuaUy a solid cylinder of glass, from six to twelve indies long.vavnuVitd«^«k&v&Y^^^X 
it from moisture. A junk bottJe| surmounted by a curcu\sur v^«ce^ v«<Mii^^T^ lacG^NVb* 
jaSahed, maka a very good intulfUtng support. 
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conductor imiitsulated. For tbis purpose, the chaiQ nsDaSy 
attached lo the rubber may be transferred to the prime conductor. 

(6.) Wli^en two Jars are charged, the one positively and the 
other negatioely^ on forming a eommttnication between theinsides 
of botK by connecting the two knobs, no discharge will take place, 
unless the ovtsides be in condmeting communication. Thus, if 
two Jars be chai^ged, the one from the prime conductor and the 
oiher from the rubber,* and placed at the distance of a few inches 
from each other, on insulated supports, on connecting the two 
knobs by the discharging rod, no discharge will follow ; but, let 
a wire be laid across the supports, touching the outside of each 
Jar : then, on applying the discharging rod to the two knobs, 
an explosion will immediately ensue. 

By means of two Jars differently charged, and placed as 
abore, with their outsides in conducting communication, the 
experiment may be exhibited, which is called the Electrical 
Spider. It consists of a small piece of cork, so fashioned as 
to represent the body of a spider, and blackened with ink, having 
a number of black linen threads drawn through it to represeot 
the legs. This is suspended by a silk thread, half way between 
the knobs of the two Jars, and vibrates for a longtime from one 
knob to tlie other, until both Jars are discharged. The rationale 
will be obvious on a little reflection. 

(7.) The charge of any Jar may be divided into definite parts; 
that is, the half, the fourth, or any aliquot part of the charge may 
be taken. This may be done by connecting the inner and the 
outer coating of the charged Jar, with the inner and outer coating 
of an uneleclrified jar, of the same size and thickness. The re- 
spective charges will be measured by the quadrant electrometer, 
(Fig. 86.) 

(8.) The electricity is accumulated on the surface of the glass, 
and the coatings serve merely as conductors of the charge. This 
is proved by the fact, that when the coatings are movable, so 
that they can be taken off from the jar after it is charged, neither 
of them exhibits the least sign of electricity ; while if another 
pair of coatings is substituted, which have not been electrified, 
on forming the communication between the inside and outside, 
the usual discharge takes place, showing that the whole of the 
charge was retained on the glass surfaces of the jar. 



What is necessary in order that two jars, charged opposite ways, may 
be discharged ? Describe the electrical spider. How may the charge of 
a jar be divided? On what part of a jar is the electric fluid accumulated? 

'And both may be th»i« char^ at the saroe txtue, Vs,^ cowneeting one with the inra- 
lated rubber, and the other >Kith the \iv&u\atedL prooA cou'&ns.\nc^^ibfe'^vcv^QB»EB«d<«e( 
being un'maulsihsd. 
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(9.) The charge of a Ley den Jar may he retained for a long 
time. If the surfaces are well separated from each other, the 
charge remains for many days or even weeks. The charge 
is usually dissipated by the motion of particles of dust, or other 
conducting substances in the atmosphere, from one of the coat- 
ings to the other, or by the uncoated interval becoming moist, 
and losing its insulating power ; consequently a jar will retain 
its charge longer in dry than in damp weather. Covering the 
uncoated part of the jar with melted sealing wax or varnish, 
prevents the deposition of moisture upon it, and consequently 
tends also materially to prevent the dissipation of its charge. 

393. For the purpose of making the theory of the Leyden 
Jar familiar, we may now recur to the experiments mentioned in 
Art. 392, and attempt the explanation of them. 

In the structure of the Jar, we recognise the operation of the 
principle of induction. Here, an unelectrified body (the outer 
surface) is brought very near to an electrified body, (the inner 
surface, without the possibility of communicating with each 
other, on account of the non-conducting properties of the glass. 
The nearer the two surfaces can be brought to each other, the 
more powerful is the effect of induction, that effect being in- 
versely as the square of the distance. Accordingly, the thinner 
the jar, the more powerful is the charge it will receive ; but the 
danger pf breaking prevents our employing such as are very 
thin. 

To trace the process of charging a jar a little more minutely, 
let us suppose the jar connected with the prime conductor of an 
electrical machine, from which a spark is communicated to the 
inner coating. This, according to the principles of induction, 
expels a similar quantity of the same fluid from the opposite un- 
electrified surface, and renders that negative, in the same de- 
gree as the inside is positive. Being negative, it increases the 
attraction of the inner surface for the opposite species of fluid, 
and another spark is received, which again expels an additional 
quantity of the same species of fluid from the outside, and thus 
the two surfaces continue to act upon each other reciprocally, 
though with constantly diminishing power, until the jar is 
charged. 

The reason also is plain, why the outside of the jar must be 
uninsulated ; smce it is only in such case, that the foregoing 

How long may the charge of a jar be retained? How is it usually- 
dissipated ? How may the waste be prevented ? Explain the accumulo.- 
ting power of the jar, on the principli: of induclvotv. V<I\v?tX ^Si^t\.\vvt%>i^% 
tbickucsB of the jar on this power ? Trace tV\e ^tacc%* oi c\v^t^vk^^\M.« 



pv»Bf gf"Ti3nfSinm can itte pisce : and we readily see why a 
sBT^i^ of }ai HIST ^ caxmgoL horn the pottkm of electricity 
wuriii :» ^ttltBC fnm i^ ainsHSe of the fint jar. 

3>i*4. TTbsL I JET is c^OBxed sesaniYlj from the rubber, just 
sif ccoiHise pnoess j£ jlH lespecs^ lakes place, the outside be- 
ainLijiz ^cttCL-iit iy -TAirtiini, asd reacdog upoa the ioside, 
Tixt as^ iHscknec :i£ Jkii. 392. [6.^ vhcre two jars differently 
c£3cr»i. ciUBac bf ^sii ia igo d except didr outer surfaces be in 
cccoif rente ctansjaccakeL win be readflj understood ; for it 
2( Lcccis&.ri^ Ksr ;he cigsiuibniim to be restored by the union of 
:bf <iiei:tnr.-fcries oq ihe iztstde. while the outside remains elec- 
izTiSec. U wv axAd suppose this to take place for a moment, 
azii 1^ cvfca^hciiy widiui lo be ressared to its natural state, it 
wocJi If lis be iauuediaseSy decomposed by the inductive in- 
oc ;he decsiined coating 



395. The phenomma of the Leyden Jar may be equally well 
expiziccd, by sobstitadns the tenns Titrraas and resinous, in- 
steaai of iwsiure and nesatire. on the supposition of two fluids, 
since the piinciples of induction apply ecpially well to both hy- 
pvxheses. Thus, it is as easy to suppose that the resinous elec- 
tricity is induced upon the outside by the attraction of the 
T::nBous dectvicity within, as it is to suppose that the outside 
becomes negative by the loss of a pcH-tion of its natural share ; 
and the necessity of the outer surface being iminsulated, is as 
apparent in the one case as in the other. 



CHAPTER III. 

OF ELECTRICAL UGHT, OF THE BATTERY, AND OF THE 
MECHANICAL AND CHEMICAL AGENCIES OF ELEC- 
TRICITY. 

Electrical Light. 

396. Electrical light appears whenever the fluid is discharged^ 
in considerable quantity, through a resisting medium. 

Accordingly, no light is perceived when electricity flows 
freely through good conductors ; but if such conductors sufler 

Why must the outside of a jar be uninsulated before it will receive a 

charge ? Explain the process when the jar is charged negatively from the 

rubber? Explain the reason why two jars, differently charged, cannot 

be (Uficbarged unless the oulsidcs are in conducting rommunicatioQ. Can 

ihv (nctu be explained on eiihex V\^^o\.\\ei\%^, 



of an inperfet cobcdcsot. ;2ie& uie sTnpnrbm Ii;|!t£ b^Mnnes 
maniiest. We iSbH bos lesia ibf propcrba ^ ibi cuf^csncsl 
spark, by JBrwfiag 10 a mieBj cf rr^tffl' jD eo'rii jl w^di. ii is 
CThibhed.* 

A glass imie nMdd «i£i \iock ajL Mwi iutf iiieak smaertii 
with a Uide Attwitml cmmigwHu viH jicid oopsoGS sp&iks aad 
flashes of li^iL The tbbe sbocU be waim, dnr. ast! sxkmmIu. 
and of a size not less ikan tvo feet in k&gih. aaxi thzv^ £>urdis 
of an inch in Aameter. 

The eUdrieai Modkuir, nbm u nj^fttfwur «:fi^^«, tf^s hhl- 
liant circles ami streams of iigii. In order to reader ihe light 
aflbrded by tnraii^ the machine abundant. scTeral praciical ex- 
pedients are necessary. All pans of the machine must be drv 
and warm, (but not hot.) It is usefid to rab very freely the 
glass plate or cylinder, with an old silk handkeichieil Black 
spots or lines that collect on the glass, especiallv when the 
amalgam is new, are to be carefolly nibbed o£ and should dust 
or down c<^ect on the amalgam of the rubber, this must be re- 
moved. The action of the cylinder will be increased bv the 
following process : smear tlie bottom of the cylinder with a thin 
coat of tallow ; then turn the machine until the tallow is all 
taken up by the rubber and flap. The pores of the flap will 
then become filled with tallow, it will apply itself more closely 
to the cylinder, and the supply of electricity will become more 
copious. A convenient method of recruiting the action of the 
machine, is to coat a circular disk of paste board or leather with 
amalgam, and to apply it to the glass plate or cylinder while 
the machine is turning. 

If the chain he removed from the rubber to the prime conduc- 
tor, so that the former shall be insulated and the latter uninsula- 
ted, on bringing the ends of the fingers near the rubber, a 
stream of diluted light will pass between the fingers and the 
rubber. 

397. The electric spark passes, with increased facility, through 
rarefied air ; and the distance to which it will pass between two 
conductors, is augmented as the rarefraction is made more com^ 
plcte. 



EteclrUal Light, — When doe? electrical light make its appcnrHiico? 
Does it Bp|)ear in the passage of electricity through good coiidiirtorH, or 
through bad ? How may a glass tube he made to emit light? How may 
the electrical machine be made to give sparks most freely ? How does 
the electric spark pass through rarefied air ? 

* In experiment! on electrical light, the room it rappOKd VoVic Ck%xVL% 'Wuk'^ vgYe^"^ 
to begt Mdnatage in the night. 
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Instead of -the distance of five or six inches, which is the 
limit of the spark from the prime conductor of an ordinary ma- 
chine in the open air, the spark will pass through the space of 
eighteen inches or more, in an exhausted receiver. If a pointed 
wire, terminating in a knob above, be introduced into the top of 
a tall receiver, and the receiver be placed on the plate of the air 
pump, on connecting the knob of the wire with the prime con- 
ductor, and turning the machine, a brush of light only will ap- 
pear at the extremity of the wire ; but, on exhausting the air, 
this brush will enlarge, varying its appearance and becoming 
more diffused as the air becomes more rarefied, until at length 
the whole receiver is pervaded by a beautiful bluish light, chang- 
ing its color with the intensity of the transmitted electricity, 
and producing an effect which, with an air pump of considerable 
power, is ple^osing in the highest degree. 

When a chained jar is placed under the receiver of an air 
pump, as the exhaustion proceeds, a luminous current flows 
over the edge of the jar, between the opposite sides, until the 
f^quilib^ium is restored. Electric light exhibits a very beau- 
tiful appearance, as it passes or flows through the Torricellum 
Vachufn.* The color is of a very delicate bluish or purple tinge, 
and iho light pervades the entire space. But the most pleasing 
f^xhibitioy.s of this kind, are made by forming an artificial atmos- 
phc-r of vajxir in the Torricellian lube. Ether or alcohol, 
pasiii^? iujo ihe Slate of vapor when the pressure of the atmos- 
phoK* js removed ; and accordingly, on introducing a drop of 
oiio ofjhcse fluids, into the Torricellian vacuum,, it immediately 
o ajx^raies a.nd fills the void. If, now, a strong spark be passeq 
fixMu :ho prime conductor through this vapor, the spark will ex- 
hib:i various colors ; in ether, it is an emerald green, or mingled 
wtl and sjreen ; in alcohol it is red or blue ; but the colors vaiT 
simiewhut wiiJi the distances at which they are seen, and with 
the leuj^H^rature of the vapor. 

oOS. /.-I condensed aify on the contrary, the spark passes with 
gTt\»:er diffiouhv than ordinary. In such case, also, its white- 
iu*ss and brilliancy are augmented, and its course is zigzag. 

I^v^ \\!)At iiUiance will the electiic spark pass in an exhausted tubef 
Kci.t;o the expeiiniont uf clectiifying the receiver of an air pump, while 
Ibe eva.tusti.Mi is i^oing on. What is the appearance when a charged jar 
i# i»*Acevl under the receiver of an air pump ? How does the spark flow 
Ihrin:^;) the rorricellian vacuum? How when made to pass thiough the 
V)A>vr of ether, alcohol, jcc. ? What is the appearance of the spark in 
Coiufonsex^ air ? 

* 'tkk k ibe raeuvm produtcd by UkeBtxn «£ t^uvOu^xtx \n, vn vmvAxAi ^gam\J)&ft^ 
«• thtt haiumctt-r. Ait. »5. 
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These appearances are even e^ibited by passing a spark through 
confintd air, of onlv the ordioair density. The colors of the 
spark are pleasingly Taried by passing it, in a condensed form, 
as in the Leyden Jar. through media of different kinds. The 
experiment is performed by making the given body form a part 
of the circuit of communication, between the inside and outside 
of the Leyden Jar. A ball of ivory in this situation exhibits a 
beautiful crimson; an egg, a similar color, but somewhat 
lighter ; a Imnp of sugar gives a very white light, which remains 
for some time after the spark has passed ; and fluor spar exhibits 
an emerald green li^t, or, in some cases, a purple light, which 
also continues to glow in the dark for some seconds. The great 
intensity of the light is shown by the strong illumination which 
the sparks in the jar communicate to bodies slightly transparent. 
Thus, an egg has its transparency greatly increased ; and if the 
thumb be placed over the space which separates the two Con- 
ducting wires that communicate with the two sides of the jar 
respectively, the illumination is so powerful, that the blood ves- 
sels, and interior organization of the organ may be distinctly seen. 

399. Metallic conductors, if of sufficient size, transmit electrici- 
ty without any luminous appearance, provided they are perfectly 
continuous ; but if they are separated in the slightest degree, a 
spark will occur at every separation. On this principle, various 
devices are formed by pasting a narrow band of tin foil on glass, 
in the required form, and cutting it across with a pen-knife where 
we wish sparks to appear. If an interrupted conductor of this 
kind be pasted round a glass tube, in a spiral direction, and one 
end of the tube be held in the hand, and the other be presented 
to an electrified conductor, a brilliant line of light surrounds the 
tube, which has been called the spiral tube, or diamond necklace. 
By enclosing the spiral tube in a large cylinder of colored 
glass, the sapphire, topaz, emerald, and other gems may be im- 
itated. Words, flowers, and other complicated forms, are also 
exhibited nearly in the same manner, by a proper disposition of 
an interrupted line of metal, on a flat piece of glass. 

400. The light of the electric spark is not a constituent part 
of electricity, but arises from the sudden compression of the atr, 
or other medium through which it passes* 



Whdl appearance does the Fpark give when passed through ivory, egg. 
sugar, and fluor spar? What facts shew the great intensity of the li^ht; 
On what principle is electricity made to exhibit yiotA%, ?ic^^^\%^ 's.^A 
What 18 the origin of the light which accoropamea e\ecU\CiVl ^. 
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".T-'f -lie lor.ira of :he "iirliniier. ami 0(' cufint 
r.-f. 1 .;?:is tw nM ■!;« 'i;he. The rvo balia beinj 

<« i: v.mfi iiatanre from each orber. and a spark 
I'mm 'i;fi fjiviier Jar biiicz passed between ihem. 
"j>i» A..' "v.rh:! -.s vnidenly rareded. and :he water as- 
fAriln iii r.-.ft nibe, and aTiin descends, when the ex- 
plosion 1.4 over, Thi.i sodden raretkction of a portion ' 
of a.'r hefrir<> the i^kr^tric spark, mus;: cause a sodden 
^nil fjfiwftrful nompresflion in ih« portions of air im- 
mf.iii.iiMy afljanent. The immemie velocity of the 
^(nirk inii*t grBMtly incnane the reaiatance, and of ^ 
(miir-if! th»! forfift nf wnnpHission. This appears to be 
41) a'l(^|ii)ilc raiwf! for tlin prorluction of the light that accom- 
|iMiiirpi Hifi nlficlric tViHrhnrun, and hence we conclude, iliat light 
la iHil iidHTcnt in the fluid itnulf. The greater density aail 
hrdliHiiry (.niir Hpiirk in rondonsed air, and iis feehleneas aod 
diirnxnii-" III n nm-licd inccliimi, are facts which accord well 

"I'll il I'i'<""''l "fiKi"; mid the »igzag form of the spaA 

wlii'ii Iiiiiii. iir whMi [KiKHtii/; lliniush condensed air, is well ei- 
)i1iiitii'il l.y Hir HiMiir lliriirv. I'lir the electric fluid in its passage 
Ihi.inp'.li ili<> riir, nHul.iwi'H t|ii> nir iK^fore it, and thus meets with 
It ii'"i'<ini>.'.' mIiiiIi iiiriis ir i.iriiilcndly; in this direction ilia 
!ii;«iii ruiuliMiii'il, mill li:c lis riiursc iiyain changed ; and so on, 
iiMiil II inii 111-- ilii< .■iiiiiliirMr iinvurils which it is aiming. The 

ii:->ii;1.'iiii v'l ll■;lllmll^; is invmintcd lor on this principle. 

'■'■'""'' ''k'" '" '" ' ''> "i">inl I'xperimi'nis to have pre- 

ll-.■l^ ilir ,;iw.' iiiiuiiv wiiliiholiyhiorihosiin. bring like this 

''■...>■■,■ K.ni.ri.lf^ • \m V\-.-.>",>wrwi. V\iui is \ht causv a( tht 
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iresolved into various colors by the prism, and possessing other 
properties, to be described under the head of Optics, which 
identify it with solar lighL 

Battery, 

401 . An electric battery consists of a number ofLeytUtn Jars 
so combined, that the whole may be either charged or discharged 
at once. 

Very large jars cannot be obtained ; it is rare to find one more 
than two feet high, by one and a half in diameter. Yet some 
of the mechanical effects of electricity, to be described hereafter, 
require a much greater accumulation of the fluid than can be 
obtained from any single jar. The battery is constructed as 
follows. Large jars, twelve or fourteen inches high, by ^se or 
six inches in diameter, are coated like ordinary Leyden Jars. 
Twelve of these constitute a battery sufficiently powerful for 
most purposes, but the power of the battery may be carried to 
an indefinite extent by increasing the number of jars. When 
the number is twelve, they are placed four in a row in a box, 
the bottom of which is coated with tin-foil, by means of which 
the outsides of the jars are all in conducting communication. 
Each jar is separated from the rest by a slight partition of 
wood. To connect the insides of the jars, their knobs are 
joined by large brass wires. It is obvious, therefore, that the 
battery is equivalent to a single jar of enormous size compre- 
hending the same number of square feet. 

The object of the battery is to accumulate a great qtiantity 
oi the electric fiuid, which is in proportion to the extent of sur- 
iice ; the intensity, or elastic force, as indicated by the quad- 
rant electrometer, is no greater ia the battery when charged, 
than in a single charged jar. The battery, like the common 
jar, is charged by bringing the inside into communication with 
the prime conductor of an active and powerful electric machine : 
it is discharged, as usual, by forming a connexion between the 
inside and outside, commonly by means of the dicharging rod. 

402. The largest machine and battery hitherto constructed, 
were made for the Teylerian museum, at Haarlem. It consists 
of two circular plates of glass, each five feet five inches in di- 



BaUery. — Of what does it consist ? How constructed ? How are the 
jart connected on the inside? How on the outside f WhaiUiti^ c^V^^^o. 
of the battery ? How does the intensity compare w\\.Yi Vki^X ^t ^ c^^vsvvsvcrak 
Jar/ How is the battery charged and dUchaiged^ 

21 
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ameter. The prime condoctor consists of several pieces, and it 
supported by three glass pillars, nearly five feet in kng^ 
The force of two men is required to \yotk the machine; an 
when it is required to be put in action for any length of time 
four are necessary. 

At its first construction, nine batteries were applied to it,eac] 
having fifteen jars, every one of which contained a square foo 
of coated glass ; so that the grand battery, formed by the com 
bination of all these, contain^ one hundred and thirty five fee) 
As examples of the great power of the Teylerian machine, » 
may mention the following : it charged a Leyden Jar by tomiii; 
the handle half round, — a charge which the jar would reccif 
and lose by discharging itself spontaneously, eighty times in 
minute. A single spark from the conductor melted a considei 
able length of gold leaf. A spark, or zigzag stream of fin 
would dart from the prime conductor to a neighboring condoc 
tor to the distance of ten feet. A wire three eighths of an ise 
in diameter, was found to be sufiicient to transmit the who! 
charge of the prime conductor, but the wire would give sin 
sparks to a conductor brought near to it. The sphere of inft 
ence (Art. 379.) extended to the distance of forty feet, sos 
sensibly to affect the pith ball electrometer. The spider w 
sensation (or the peculiar sensation resembling that of ft 
spider's web) which is experienced by holding an excited ghu 
tube to the face, was felt by bystanders to the distance of ei^ 
feet from the machine. 

Mechanical Effects of Electricity, 

403. The sound produced by an electric discharge is ascriht 
to the sudden collapse of the air, which has been displaced by t 
passage of the electric fluid. 

Hence the sound is greater in proportion to the quantity ai 
intensity of the charge. A battery, when fully charged, giv( 
a loud explosion. 

404. Imperfectly counducting substances, through which 
powerful electric charge is passed, are torn asunder with more i 
less violence. 

Describe the great inar.hine at Haarlem. Wliat effects were produc* 
by this machine in charging a jar — in melting gold leaf— hength of tJ 
spark ? How far did the sphere of influence extend ? How far was tl 
spider web sensation felt? Whai is the origin of the sound vi Inch tu 
companies an electrical d'tschai^e^ Honv «l\« 'wsv^^x^^ix conductors t 
iected by a powerful d'lschai^e \ 
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A large Leyden Jar is sufficient for exhibiting some of these 
mechanical effects : others require the power of the Battery. 
When the charge is passed through a thick card, or the cover 
of a book, a hole is torn through it, which presents the rough 
appearance of a bur on each side. By means of the Battery, 
a quire ofstrong paper may be perforated in the same manner; 
and such is the velocity with which the fluid moves, that if the 
paper be freely suspended, not the least motion is communica- 
ted to it. (See Art. 29.) Pieces of hard wood, of loaf sugar, 
of stones, and many other brittle non-conductors, are broken, or 
even torn asunder with violence, by a powerful charge from the 
battery. If two wires be introduced into a soft piece of pipe 
clay, and a strong charge be passed through them, the clay will 
ke curiously expanded in the interval between the wires. 

The expansion of fluids by electricity is very remarkable, 
and productive of some singular results. When the charge is 
strong, no glass vessel can resist the sudden impulse. Bee- 
caria inserted a drop of water between two wires, in the center 
of a solid glass ball of two inches diameter ; on passing a shock 
through the drop of water, the ball was dispersed with great 
violence. In like manner, by the sudden expansion of a small 

produced, and bodies that resist its expansion are projected with 
violence. Even good conductors, when minutely divided, are 
expanded by electricity. Thus, mercury confined in a capillary 
glass tube, will be expanded with a force sufficient to splinter 
the tube. 

Chemical Effects of Electricity, 

405. By means of Electricity, more or less accttmulated, a 
variety of chemical effects may he produced ; such as the comhus^ 
tion of inflammable bodies , the oxidation, fusion, and even combus^ 
tion of metals, the separation of compounds into their elements, 
or the union of elements into compounds. 

Ether and alcohol may be inflamed by passing the electric 
spark through them ; nor is the effect diminished by communi- 
cating the spark by means of a piece of ice or any other cold 
medium. The finger may be conveniently employed to inflame 

How are pieces of hard wood, loaf sugar, stones, &c. affected by a charge 
from the battery? What eflfects resuU from the sudden expansion of 
fluids by the electric charge ? Does this eflfect extend even to good con- 
ductors ? State the ehemeal effects produced by ^VetU\t\\^ • \^\v^\ws«v. 
hustibles jgaay be in/lamed ^ 



I 



these substances. Phosphonis, resin, and oiher solid combo*- 
nble bodies, may be sei on fire by the same means ; gu^po^^Bf 
and the fulminaiing powders may be exploded ; and a candle 
may be lighted, Gold leaf aad fine iron wire may be bnraed 
by a charge from ihe batteiy. Wires of lead, tin, zinc, iron, 
copper, plalina, silver and gold, when subjected to the charge of 
a very large battery, bum with explosion and are converted inlo 

The same ageni, moreover, is capable of reviving iheee 
oxides ; that is, restoring them to the aiate of pure meiafs. By 
S similar contrariety of properties, water is decomposed inlo iii 
fueous elements, and the same elements are rcuoiled lo fonn 
water ; and the constituent gases of atmospheric air are, by 
passing a great number of electric charges through a confined 
iportion of air, converted into nitric acid. 

Motions of the Electric Fluid. 

406. Thi miocily of the ekctriefaid is apparently instmtor 
flcow. A circuit of four miles has been formed, by means of 
wire, between the inside and outside of a Leyden Jar, and no 
^^^I^y,^^,„^^T-.,„„.^ui„i!U iiunng me iriscnarge. ^nu- 
ogy, Dowever, would lead us lo believe that Eleclricicy, like 
light, is progressive in its motions, but that it moves with a 
velocity too great lo be measured, except for intervals of im- 
mense ex lent.* 

I 407. The electric fluid, in. its route, sekcts the best eondvctors. 
(The Leyden Jar may be discharged with a wire held in the 
•^ hand, without the insulating handle used in the Discharging 
Rod ; since melaUic wire is a belter conductor than the hand, 
and the fluid will lake its route through that in preference to ihe 
hand. But if a wooden discharger be substituted for the wire, 
Ihe shock will be felt, since animal substances are better con- 
ductors than wood. It is necessary to remark, however, thai 
when the charge is very intense, or the quantity great, as in the 
Battery, then some portion of the fluid will escape from the 
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discharging wire and pass through the hand. In such cases, 
therefore, it is prudent to make use of the Discharging Rod. 

Lightning, in striking a building, usually takes a course which 
indicates the preference of the fluid for the best conductors. 

408. The electric fluid will sometimes take a shorter route 
through a worse conductor, in preference to a longer route through 
a better conductor. The spark will pass through a short space 
of air,' instead of following a small wire thirty or forty feet. 
The preference of the shorter route is sometimes indicated in 
taking the electric shock. While one person is receiving the 
shock from the Leyden Jar, another may grasp his arm without 
feeling the least effect from the charge. 

409. The course of the charge is frequently determined by the 
influence of points, either in dissipating or in receiving the fluid. 
Sharp points connected with the best conductors, greatly favor 
the dispersion of the fluid during its passage, and sharp point- 
ed conductors draw the charge towards them, from a great dis- 
tance around. The finest needle, held in the hand towards the 
knob x)f one of the jars of a charged battery, will silently dis- 
charge it in a few seconds ; and if we apply one hand to the 
outside of a Leyden Jar, and with the other bring a fine needle 
to the knob of the Jar, only a comparatively feeble shock will be 
felt, the charge being rapidly dissipated while the needle is ap- 
proaching the knob. 



CHAPTER IV. 

OF THE EFFECTS OF ELECTRICITY UPON ANIMALS, AND 
OF THE LAWS OF ELECTRICAL PHENOMENA. 

410. We have already several limes incidentally adverted to 
the shock communicated to the animal system, when it is brought 
into the electric circuit, so that the charge passes through it. 
We now propose to consider this interesting part of the subject 
more particularly. 

The Electric Shock is reeewed, whenever the animal system is 
made a part of the conducting communication between the inside 



Is such a preference ever manifested by lightning^ What prelerence 
does the fluid manifest for the shortest louie? V^Vi^X \Vi^>\«vi<:^ Vv%^ 
po'wts on the course oftbe charge ? 

21* 
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^md oattide of a charged LtyJat Jar. A conTenienl mfdud of 
admiDisteriog the shook is lo place the charged jar on a table, 
testing immediaiely on a meuUic plate,* as a pla'^ of tin, leail, 
or copper ; then grasping a metallic nxi in each hanil, touch one 
oTihcm U) the plate, and the other to ihe tnoh ofihe Jar. and it 
Biidilen conmlsion oTthe limbs or Ihe breast «-i]l be experienced, 
more or less riiriem according to the strength of the charge. The 
effect is greatly heightened by feelings of dread orapprehenaion, 
and it may be resiaied to a considerable degree by voluntary- ef- 
fort. A slight churge affects only the fingers or ^e wrists ; a 
stronger charge convulses the large muacles above Ihe ana-pits; 
a still greater charge passes through the breast and becomra In 
soroe degree painful. Eleciriciaus, however, have fieiiuenlly 
ventured upon charges sufficiently powerful lo convulse the 
whole frame. 

411. The shock may be communieateil to any number if 

I fffsoni at once. This is usually effected by their joining hands, 

I while the finti in the series holds one nf the metallic rods, villi 

I which he touches the plate, or outside of the Jar, and the last in 

tfte series holds the other rod, with which he touches the kixA 

of the Jar, at which itiatani the whole Dumber receive the Bhock 

at the same moment, and dictt however extensive ^e circle of 

persons may be. The charge of a large balleryis sufficient M 

destroy human hfe, especially if it be received through the hetd. 

By standing on the Insulalijig Stool, which is a stool with glut 

feet, a person becomes an insulated conductor, and may be 

electrified like any other insulated conductor. A commtuii cation 

being made with the machine, the fluid pervades the system, 

- la hardly any sensation except a prickling of the hait, 

the same time rises and stands erect; for the haiis 

being similaily electrified mutually repel each other. 



412. While in this situation, the human system exhibits the 
.. ime phenomena as the prime conductor when charged ^ ihatis, 
ift attracts light bodies, gives a spark lo conductors brought near 
fa, atid commuiiicate a a slight shock to another person whole- 



^LvinBlhothock? How is the sffepi hdehlennd? How do chargeiof 

ir«Dt dliratiorinlirnBily sffecl iha sysiein? How li the thock com- 

licDtsrf to ■ number of peciung at once ! How would the shuck r«- 

«eiveil from B very powerful baiioryaffeci the human Byiiemf Whntsie 

t>« «ff«cwnf Ihe chnig* received an Ihe inrulniert sloiil ■ Wliiit eleclrieil 

nwrcl (loeii the body exiilbit when thus electrified.' 

• I( ii mTitid tuBhiT well iiplaievhmu^Aiitrt* tBR*«iii>t mfcm,wdta«*i 
» ninuec with tbo ouUMc en^iuc it >W iw, tuc,Nn""A>«w,«<™nA'w>™Minn 
en Jn iJiB ikvek, an ijit to ovcnuiu Oie lu hiAWiIl Vi. 
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ceivea the spark from it. Indeed ihe same shock is felt by 
both parties. 

By means of the insulating stool, the most delicate shocks 
may be given ; for the charge may be drawn off from any part, 
by imperfect conductors. Thus, a pointed piece of iroad will 
ilraw off the charge from the eye, in a manner so gentle, as to 
secure that tender organ against any possibility of injury. By 
a. variety of conductors, of different powers, and by points and 
balls, the sensations may be accommodated, with much delicacy, 
to the state of the patient, or to the nature of the affected part. 

413. The shock may be commonicated directly to any indi- 
vidual part of the system, without affeciiag the other pans, by 
making that part form a portion of the electric circuit, between 
the inside akdouisideofaLeyden Jar. Thns, let it be required 
to electrify an arm. Two directors, (consisting of wires termi- 
nating in brass knobs, and jnsniated by glass handles,) are con- 
nected by chains with the tnob and the outside coating of a 
charged Jar ; then, on applying one of the directors to the hand, 
and the other to the naked shoulder, the arm is convulsed. In 
cases where the patient reijuires only a moderate shock, the 
charge is regulated by a contrivance at- 
tached to the Jar, called Lane's Disckar- Fig.Bi 
ging Eleelfomf.ler, represented in Fig. 91. 
Sis a stick of solid glass; B,R, two brass 
knobs, connected by a wire, which slides 
back and forth in such awaythat it may be 
met at ai^ required distance from the knob 
-of the Jar. If the ball B be set in con- 
tact with the knob, then, on touching the 
ball and the outer coating of the Jar, 
the entire charge of the Jar is received ; 
but by removing the ball B from the knob, 
the half, fourth, or any aliquot part of the 

charge, may be taken, and by continually charging the Jar while 
the ball remains at this constant distance from the knob, suc- 
cessive shocks of any required strength Jnay be taken. 

414. Soon atler the discovery of the Leyden Jar, commenced 
the application of Electricity to Medicine ; and Medical Elec- 
tric! t y became thenceforth a distinct branch of the science. 

DpBcribB the mode of giving very genile shocks. AJsn ihe mode of 
«lMiriryi.ig any pR.licul.r pari, a« ihe .rm. Describe Lsne . Elec- 
trai«t.r. How I. it uied In giving ■ «ucce««r.n of itorti o( i.ot «q;i««4. 
mrengih? Wiea wti electrioiij firat applied w niea\cn«'. Vt^iM. «*» 




X cure said to have been effecicd by this agent, was \ 
i"p«raljtic. Eleclridty shonly became veiy ceJehratei" ^ 
Sw cure of ihis disonler, and patienis flocked in great nvinb^ 
to the praotitionereofLhiH branch or the profesBion. AsusuRl,lhe 
effects of this new remedy were greatly exaggerated, and ii was 
widely ewolled, not onJy for the cure of palsy; but of all olher 
diseases. It was e?en pretended that the virtues of the moat 
valunble medicines mighi be transferred into the system through 
the medium of electricity, preserving ilieir specific properties in 
the same manner as when taken by way of the stomach. Pre- 
— parations of this kind were called Mtdiea.cd Tubes. Pavaii, an 
Kitelian, and Winkler, a German, were especially celebrated for 
rUm species of pmclice. The mode was to enclose the medi- 
' eines in a glass tube, then to excite ihe lube, and with it to elec- 
trify the patient. In this way, it was said, the healing virtuM 
of the medicines were communicated lo the system in a mannei 
U ODce efficacious and agreeable. 

415. Pretensions so extravagant could not long be sustained, 
and Ihe natural consequence was that the use of eleclriciiy in 
medicine soon fell into great neglect, and has remained in iliis 
situation to the present lime. There are, however, certain 
properties inherent in this agent, which deserve the attention of 
the enlightened physician, and inspire the hope that, in judicjoiu 
hands, it may still be auxiliary lo the healing art. First, the 
great activity of this agent, particularly the facility and energy 
with which it can be made to act upon the nervous system, 
indicate that it has naturally important relations to ftedicine. 
The power of being applied, locally, to any part of the system, 
renders it a convenient application in cases where olher local 
remedies cannot be administered. Secondly, the acknowledged 
property of electricity lo promote the circulation of fluids 

I through capillary tubes. Art. 385. (7.) suggests the prohabiUiy 

L»f its being efficacious in promoting the circulation of the fluids 
•f the animal system, and in increasing ihe quantity ofinsenai- 
Ue perspiration. Thirdly, in the history of medical electricity 
are recorded well attested cures, efl'ected by means of electricity, 

ftof such diseases as palsy, rheumatism, gout, indolent luraors, 

W teafuess, and a variety of other disorders. 

It pretonsioii^ were marie tetiierliiig [lie mcdlchinl virtues nf elec- 
I itlcily f Dcicribe llie IrtBdiiatod Tubes. Wliai was Ihe moito of ad- 
""'iiiisttiiiig meditinasbyiueanaoflhBiii; What clianges nccmrrri iu tli« 

of rBpulalionofihis medicine? Whai projiettiea nf clectiicitt 

'■a mitt msdiciDal tiituet .' What di^aaei hu it been iubdbmw 
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Cause of Electrical Phenomena. 

416. For the sake of convenience, and for the purpose of 
avoiding repetiiion and circumlocution, we have made occasion- 
al use of the phrase electric fluid. It may be proper now to 
inquire whether there are any just grounds for supposing such 
a fluid or fluids to be present in electrical phenomena. 

There are two modes by which the existence of such a fluid 
may be rendered probable : the first is, by showing that such a 
supposition is conformable to the analogy of nature ; the second 
is, by proving that the agent of electrical phenomena exhibits 
the properties of a fluid. 

417, First, there are some reasons derived from analogy for 
believing in the existence of an electric fluid. (1.) The reasons 
in favor of supposing that light and heat are caused by the 
agency of peculiar fluids, (arguments, however, that we cannot 
discuss here,) which have induced a general belief, are, for the 
most part, equally applicable to electricity. (2.) In the present 
state of our knowledge, the most subtile of all fluids, indeed the 
most attenuated form of matter, is hydrogen gas, of which one 

K.'U.nclirocI oubio inolioo tirrn^V* «"-'^ ■»»\* mmU. -. ^.^^te%^^ OTftiDSw 

which is nearly fourteen times lighter than common air. tsu% 
at no distant period, means had not been devised by mankind 
for proving the materiality of common air, nor even of indentify- 
ing the existence of the other gases which now bear so conspic- 
uous a part in experimental philosophy. But as knowledge and 
experimental researches have advanced, a series of fluids still 
more subtile than air, have come to light, until we have reached 
a body nearly fourteen times lighter than air, at which, at present^ 
the series stops. Is it probable, however, that nature stops in 
her processes of attenuation precisely at the point where, for 
want of more delicate instruments, or more refined and powerful 
organs of sensation, our methods of investigation, and powers 
of discrimination, come to their limit ? An examination of the 
general analogies of nature will lead us to think otherwise. 
The subordination which exists among the diflerent classes of 
bodies that compose the other departments of nature, is endless, 
or at least indefinite. In the animal creation, for example, 
beginning with the mammoth or the elephant, we descend 
through numerous tribes to the insect which is barely visible 
in the sunbeam. Before human ingenuity had devised means 

II I , 

Catue 9/ EUeirieal Phenomena. — In what two modes may the exist- 
ence of such a fluid as the electric be rendeitd piob%\A«^. ^vq\^>^^ v\« 
fgumeat from analogy. 



fflt auin? irp mniLa if "^sih. he mnnniis rnu^it bxwe fixed 
ttDS a tie iimi u tie nnmsL :n*5Xiiiii» Zociieiirreixcioaofthe 
^mc^mcwt las rarrefi tK3B^ if 'iiiniaL'>!nfBKixiiiBeas«nl)l]r 
atctier bul s -*Mm. iiii ■■iim nnnnvrsnEOL n dia£ ijssciuiDent, 
jpr iThf9 0* jBKfia^ IT mumucaies islv^ ibdl Rivaled to the 
9V!t isiii nan!^ uai noi* uteanueiL A ^nmTnr ^uiMmlinatioQ 
3usni le iifiniL n. lie •^'s^esBom imsriuiiL. ami is coe or^ganic 
inriRmm nvnti nninais vat ve^saaitoL 

V 1 B]iD7~ "Ins msiiiej :n "tie >ziBe lonce «b^ we begin tbe 
:e» u inpHiiic ifutLes vnh. gianiiiiiiiL xai (descend tfaioagfa 
if iffiifLe» gmwaniiy tomiiTntmng is ^nsErr^ until we 
came n :Stie£:. ne ijinnsK 'if jiinuia^ bbI on ttue confines of 
^mse vifiies -vtiiiia if* jrvrshif u :3e -f^?. azd manifest only 
TV- :tie -a&esi vtiica iupr zPMlw e e ^ By snxleni discoreries the 
«rjs9 laa lefsi «3r.:niseii ts^ 9yiMe!ei. % b«M£r 247,000 times 
ls!iEer ':iaa stacxmm. H(Br bt dbe pcesecc ve pause, stand- 
aie m "ne- Hme sidaijaa wA mpect Si» 2ibt cEciiis that may lie 
hufmL :iinc iant annriiffici s&aad vicb respect lo common air, 

(lead cs to bciiere that there are,^ 
1^. tS EiiJa awge arf scslethan hidi u ge n ; and, such being 

iiftr^-.-ri-.T, are Vodics of this class. — bodies whicti make them- 
seir«9 k*»vn to ns by the most palpable and energetic effects, 
alih^weh their own coostitotion is toosnbtile and refined for our 
offsuM to recognise, or oar instruments to identify them a& 
makriaL 

418. .Secondly, in addition to the foregoing presumptions in 
favor of th« uuppfwition that electricity is a peculiar fluid, itex- 
hitntM in itidj the properties of a fluid. The rapidity of its 
motionM, lh« powor of being accumulated, as in the Leyden 
Jar, iU unn({Uiii diMtribution over the surfaces of bodies, its 
powdr of biMiiw ctdijiiiK'd to the surfaces of bodies by the pressure 
of ihfi iitin()«iih<Ti', iiN jittrHctioiis and repulsions, are severally 
J)roprrii^N whirh \\{\ cun hardly ascribe to any thing else than 
un rlHutic lluid c»f tho KrimlCMt tonuity. 

Hut KmufinH tho prrMonro of an elastic fluid in electrical 
»l»«nuiuwm, it ronuiiuH to hv dotormincd whether, according to 
h«< hy|H>lhr»»iii of Kr<niklin» ihovso phenomena are to be ascribed 
i*> Ou» (ijit^uoy wi M wiufiU^ Huid. or whether, according to that of 
U\\ V\\\\ \\m \\\\y\\ iht»-t\wtonoo of two distinct fluids. The 

^\%\s\\\\>\\\^ \\\\ \\^^ \\\K\\\'^\\>s\\\\ ol Hjihl «iui bent upplicable to electri- 
fU\\ \\\u\\ is\f^ \\\'^ A\\'^\\\\'\x \\\ \\\x<^\i\<\o>\ tJL v^ vxistcuce of very 
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numerous facts with which the learner has been made ac- 
quainted in the preceding pages, will fit him to appreciate the 
evidence offered in favor of or against these hypothoses re- 
spectively. 

419. The principles of each hypothesis have been alresKity 
explained, (see Art. 373.) and they have been rendered famil- 
iar by repeated application. It will be recollected, that they 
concur in supposing that all bodies are endued with a certain 
portion of electricity, called their natural share, in which the 
^uid, whether single or compound, is in a state of perfect equi- 
librium ; and that, in the process of excitation, this equilibrium 
is destroyed. But here the two views begin to diverge : the 
one supposes that this equilibrium is destroyed in consequence 
of the separation of two fluids, which, like an acid and an al- 
kali combining to form a neutral salt, exactly neutrahze each 
other by mutual saturation, but which, when separated, exhibit 
their individual properties ; the other, that the equilibrium is 
destroyed, like that of a portion of atmospheric air, by greater 
or less exhaustion on the one side, or condensation on the other. 
In the former case, moreover, the equilibrium is restored by the 
reunion of the two constituent fluids ; in the latter, by the move- 
ment of the redundant portion to supply the deficient, as air 
rushed into the exhausted receiver of an air pump. 

It is a remarkable fact, that nearly every electrical phenome- 
non may be perfectly explained in accordance with either 
hypothesis ; nor is it agreed, that an experimentum crucis* has 
yet been found. 

420. One of the latest advocates of the hypothesis of a single 
fluid is Mr. Singer, an able practical electrician ; and the most 
distinguished defender of the doctrine of two fluids is M. Biot. 
In support of the former doctrine are offered such arguments as 
the following. (1.) Its greater simplicity. It is supposed to 
be more comformable to the Newtonian rule of philosophizing, 
'' to ascribe no more causes than are just sufficient to account 
for the phenomena." The known frugality of Nature, in all 
her operations, might lead us to suppose, that she would not 



In what particulars do the two hypotheses concur? In what do thej 
differ ? When, according to each hypothesis ? Does each explain all the 
facts? What is an oxperimeiitum rrucis?* State the arguments in favor 
of Franklin's hypothesis. What is inferred from its simplicity? 

*Tbe " exverimentum ttutii,** is a ohrue introdaeed bv Lord Bacon, imnl^uu^w 
fact which can be explained on one of two opiate h^^UiciK%,«civ^\vAwcv^««\'CBet. 
The figu re is derivnl inm a croM let np vhete two loaAi wecXtXA ViVL^« \xv(«^«&-«\s«^ 
MK^ to take, ¥ 







to ito pfodocsioB. "nns ngment, 

aboelbere H direct 
kgenu (kn osb (2.) The ap- 
^ fowl ike poMUve lo tbe nega- 
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K fivwanl, irheie 
le senses. Thus, 
imo ibe cirmit between the 
of a Leydeo Jar, is, on the discharge of the 
side ; ■ pUh b«U. Doder simils 
dircctiiMi ; when a charged 
Rn air pQnip, uid ihe air is 
cload Sows from the posiiire lo the 
,_ _ ride, in whichem way the Jar is electrified. Nooe 
VAeae n^niiieDls, bowerer, are found lo be trooclDaive, for 
Ae mechanical effects, which are here ascribed to ao elastic 
fcid, thai is, the electric fluid, flowing towards the Degaiive 
ode, can all be accoutited for, either opon the prindples of 
ictioti and repulsiini, comnioii to both hypotheses, or from 
mechanical impulae of a current of air. The electric 
k passing instanlaneoDsly, or at least with a velocity eo- 
!ly inappreciable, iiie impossible to determine its direction. 
The fact that bodies negatively eleclriJUd repel tack other, (Art, 
374.) ia a strong argument againal the truth of the hypothesis 
mder consideration. It is not difficult to couceive that a self 
Kpellent fluid should communicale the same property to two 
fob balls in which it resided ; but that the mere deficiency of 
me fluid should produce the same effect is incredible. This 
het dro?e .^pinus, (a celebrated German electrician, who 
twoaght this hypothesis to the test of Mathematical demonalia- 
tioD,) to the necessity of supposing that vnclectrifad matter it 
»^reptHe»t, — a supposition which is not only destitute of proof, 
but which ia inconsistent with the general laws of nature, from 
which it appears that attraction and not repulsion exists mutu- 
^y between ali kinds of bodies. In the distribution of eJeclri- 
^ vf npon surfaces differing in shape and dimensions, the fluid 
» found to arrange itself in strict accordance with hydrostatic 
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|H*inciples, and that too in bodies negatively as well as positively 
electrified. Now that the privation, or mere absence of a fluid, 
should exhibit such properties of a present fluid, is inconceiv- 
able. 

421. In favor of the doctrine of two fluids, the following 
arguments are urged. (1.) Two opposite currents are supposed 
to be sometimes indicated. Thus, (Art. 404,) a card perforated 
by a strong electric discharge, exhibits burs or protrusions on 
both sides. The appearance of the electric spark, passing 
between two knobs, is supposed by some writers to indicate the 
meeting of two fluids from opposite parts. When the spark is 
short, the whole distance between the two knobs through which 
it passes, is illuminated. But when the spark is long, those 
portions of it which are nearest to the knobs, are much brighter 
than the central portions. Near the knobs the color is white, 
but towards the center of the spark it is purplish. Indeed, ijf 
the spark is very long, the middle part of it is not illuminated 
at all, or only very slightly. Now this imperfectly illuminated 
part, is obviously the spot where the two electricities unite, and 
it is in consequence of this union, that the light is so imperfect. 
(2.) The two electricities are characterized hy specific differences. 
The light aflforded by the vitreous surface is diflferent from that 
of the resinous ; when the two opposite portions of the spark 
meet, as above, the place of meeting is only half the distance 
from the negative that it is from the positive side; the bur 
protruded from the card is larger in the direction of the vitreous 
than in that of the resinous fluid ; and the two severally produce 
certain chemical eflfects in bodies which are peculiar to each. 
(3.) But the most conclusive argument in favor of two fluids, 
is the perfect manner in which this supposition accounts for 
the distribution of electricity on bodies of diflferent dimensions. 
On the hypothesis that electrical phenomena are owing to the 
agencies of two fluids ^ both perfectly incompressible, the parti" 
cles of which possess perfect mobility, and mutually repel each 
other, while they attract those of the opposite fluid, with forces 
varying in the inverse ratio of the squares of the distances^ — on 
this hypothesis, M. Poisson, a celebrated mathematician of 
France, vapplied the exhaustless resources of the calculus, to 
determine the various conditions which electricity would assume 
in distributing itself over spheres, spheroids, and bodies of 



State ihb arguments iu favor of the doctrine of two fluids. What indi- 
cations are theie of opposite currents? How do the a\v^^«ii^xv^^% ^V. >^^% 
spark favor this doctrine^ By what specific d\Sejte\v^«« «.\% V>\<& Vm^ €v«,^- 
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-^ i.^iimc. :'Iie irsuits at ''.vnnMi he arrived were sQchas 

.,. :i ,. .. t\ f'UiarKaule 'U'lin'e 'vv.ti -experiment, and leave 
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CH.VPTER V. 

Oi' ATMOSPIIFRICAL R:LE:rTrilCITY — THU?iDER 
ST01lM6.-LJ(ill'l\NLMj; llUDS. 

-12-. Lliiviiiir Icamt'd the laws of Ele'jtrcity from a greaJ 
vantiv '"i" i-xpiTinfiUsi, "he siudeiu is Jiuw pn.»piired to look upoQ 
iht' '.v.iriv.i of ir.iiun?, and lo study the piuMioincna which ihc 
ssunt' :ii;<:it pn)r.iu*:'S ihere on ii more exti-nsive scale. 

'l ' '; .' / .' .vj :/.'j)t'ti /r '."'liicii/ s . jioT'- « ' r 'tS6 ' U vi njii d. This fact is 
ascfiMinttl liy -*<»'/. Tnl JiiFiM-fMU forms of upparatus. For the 
lower ; 'u-^i^'. :i ■'' suiIicitMit :o oicvaii* i mitaiUc rod a few feet 
in iiii<":i. M!!ii;iMi it Mn^ :op. and 'nsiiiatiMi at :iie bottom. With 
the lnw'i* .^x:r: mity is .•oiiiircrcd an oii.'ctro meter, which indi- 
cans -ill' •'Tt'^i :n"t' mti iiiieiiSiiy ijf '.he I'leciricitv. For experi- 
meiiis .iiiiu .''.!'v-i:-'«'ity i«f .he ^ijU'er re^n^ns, a iiite is employed, 
not iaiii'v-' a '•oy''* Iviie, wiili :iie <\'c\\\j, «)f wliich i:j intertwined 
a tine ai/iaili'" w;'e. 'I'lje low'.t uiid of ;he strinyr is insulated 
bv uu-u'li:ii'j: ii *i» ;i ?iipi:or'. cf u:i-^ss, or by a cord of silii. 






T'.e aiesi ;"!Ow;:r'.*i.i a;:r:;:*ar:;s ev.-T employed for almcs- 
piv !•■ ■.' '.-.M-'e IV, wi.s c ;!>:;-ih.\': a L-*ru:ice by 3I.de RomiS. 
\\ ' ■,• »■ ,:-. : I \'.' >e\e!i ; v; !.au ::ivi :!i:re :oet widj. a:id clc- 
va..-'. .' .'..• "i.':uin «.a" 'i •' '.ii:ii=!."ii iial ;ifiy feer.. A cloud 
coi!!. i-: ■'>.:•.!•.' i;u^:?i sif'.iv! '.^ lail pow.'i'fai electrical piienora- 
oua pi!'^;-.:.. .! ::'.i;!Mselv.::j. ! ::"'.: .sirawy. tiiat happened to be 
oil ■ w .:"".: ■• ■•' I" :::e siri.-j^ .f *::e k.:.\ •s:e;:an to erect them- 
si.'l\ •**. a :t: .' ;'i •.■'.i;rm a cam.-j ::r" .v. ^'ii -.i'.o apparatus and the 
«rrtM: 'li, I'vT '■''' ::ia:ii:er «f «:a:!i;:::u laia^es. as exhiblied in 
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ordinary electrical experiments. Art. 385. (5.) At length 
streams of fire began to dart to the ground, some of which were 
an inch in diameter, and ten feet long, exhibiting the most ter- 
rific appearance. 

The foregoing facts evince the abundance of electricity in 
the atmosphere at particular periods ; but experiments of a less 
formidable kind have been instituted, to ascertain the electrical 
changes of the air. For this purpose, Mr. Canton, an English 
philosopher, constructed an ingenious apparatus, which warned 
him of the presence of any unusual quantity of electricity, by 
causing it to ring a bell connected with the lower extremity of 
the apparatus. 

424. Obvious as is the connexion between the phenomena 
of common electrical apparatus, and those exhibited in the 
heavens during a thunder storm, yet the identity of lightning 
with the electric spark, was not dreamed of by the early elec- 
tricians. To Dr. Franklin, is universally conceded the merit 
of having established this fact, first by reasoning on just princi- 
ples of analogy, and afterwards by actually bringing down the 
lightning from the skies. The resemblence between the ap- 
pearances of lightning and electricity, were thus enumerated. 

(1.) The zigzag form of lightning corresponds exactly in ap- 
^arance with a powerful electric spark, that passes through a 
considerable interval of air. 

(2. ) Lightning most frequently strikes such bodies as are 
high and prominent, as the summits of hills, the masts of ships, 
high trees, towers, spires, d^c. So the electric fluid, when 
striking from one body to another, always passes through the 
most prominent parts. 

(3.) Lightning is observed to strike most frequently into those 
substances that are good conductors of electricity, such as 
nielals, water, and moist substances ; and to avoid those that 
are non-conductors. 

(4.) Lightning infiames combustible bodies ; the same is 
effected by electricity. 

(5.) Metals are melted by a powerful charge of electricity: 
this phenomenon is one of the most common effects of a stroke 
of lightning. 

(6.) The same may be observed of the fracture of brittle 
bodies. 

(7.) Lightning has been known to strike people blind:. Dr. 



Wliat appendage did Mr. Canton attach to his apparatus? WhodU- 
covered the identity between electricity and V\||dUiu\^^. \ii vj\!kaL\. '^^I'Cwx- 
larB do they resemble each other .' 



3S3 ELECTHICITV. 

Franklin fouixl that the aame effect ia produced on animals, by 

a strong electric charge. 

(8.) Ligliining desiroys animal life; Dr. Franklin killed 
turkies, of about ten pounds weight, by a powerful electric 
shock. 

(9.) The magnetic needle is affected in the same way by 
lightning and by electricity, and iron may be rendered magnetic 
by botli cMUaes. The phenomena therefore are strictly analo- 
gous, and different only in degree ; but if an electrified gun 
barrel will give a snark, and produce a loud report at two inches 
distance, what effect may not he expected from 10,000 acres el 
electrified cloud? But (eaid Franklin,) to aacertato the acun- 
cy of these ideas, let us have recourse to experiment. Pointed 
bodies receive and transmit electricity wilh facility ; let there- 
fore a pointed metallic roil bn elevated into the atmosphere, sed 
insnlated ; if lightning is caused by the electricity of the clouds, 
such an insulated rod will be electrified whenever a clod 
passes over it ; this electricity may then be compared witbihil 
obtained in our experiments. 

435. Such were (he suggestions of this admirable philaat^ 
pher; they soon excited the attention of ihe electricians of Eo- 
rope, ajiii having attracted the notice of the king of France, 
the approbation he expressed, excited in members of the 
French Academy a desire to perform the experiment proposed' 
by Franklin, and several insnlated metallic rods were erected 
for that purpose. On the 10th of May, 1753, one of these, a 
bat of iron forty feet high, situated in a garden al Marly, be- 
came electrified during the passage of a stormy cloud over it; 
and, during a quarter of an hour, it afforded sparks, by whicll 
jars were charged, and other electrical experiments performed. 
During the passage of the cloud a loud clap of thunder was 
hearti, so that the identity of these phenomena was thus com- 
pletely proved. Similar experiments were made by several 
electricians in England. 

436. Doctor Franklin had not heard of these experiments, | 
and was waiting for the erection of a spire at Philadelphia M | 
admit an opportunity of sufficient elevation for his insulated rod> 
when it occurred to him that a kite would obtain more rcadj 
access to the regions of thunder than any elevated building. He 
accordingly adjusted a sdk handkerchief to two strips of cedar, 
placed crosswise ; and having thus formed a kite, wilh a tail 
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and loop, at the approach of the first storm, he repaired to a 
field accompanied by his son. Having hiunched his kite with 
a pointed wire fixed to it, he waited its elevation to a proper 
height, and then fastened a key to the end of the hempen cord, 
and attached this by means of a silk lace (which served to insu- 
late the whole apparatus) to a post. The first signs of electricity 
ivhich he perceived, was the separaticm of the loose fibres of the 
lempen cord: a dense cloud passed over the apparatus, and 
some rain falling, the string of the kite became wrt ; the elec- 
ricity was then collected by it more copiously, and a knuckle 
)eing presented to the key, a stream of acute and brilliant sparks 
,vas obtained. With these sparks, spirits were fired, jars 
charged, and the usual electrical experiments performed. Thus 
ivas the identity of lightning and electricity, which had been 
ndicated by so many analogies, now established by the most 
iecisive experiments. 

427. It is a matter of much importance to the science of 
Meteorology, (Art. 316.) to ascertain from what source atmos- 
pherical electricity originates. Among the known sources of 
Jiis agent, none seems so probable as the evaporation and con- 
Jensation of watery vapor. We have the authority of two ojf 
the most able and accurate philosophers, Lavoisier and La 
Place, for stating, that bAies in passing from the solid or liquid 
Hate to that ojf vapor, and, conversely, in returning from the 
^ieriform condition to the liquid or solid state, give unequivocal 
signs of either positive or negative electricity. 

Combustion is also attended with the evolution of electricity, 
md even ihe friction of opposite currents of wind, or of a high 
ivind against opposing objects, probably generates more or less 
jf the same afifent. The production of electricity during evap- 
oration and condensation, may be rendered evident by delicate 
instruments ; as may that evolved during the friction of air. If 
the stem of a tobacco pipe be heated red hot, and a drop of water 
be introduced by way of the bowl, the jet of steam falling on a 
delicate electrometer, will indicate the presence of electricity. 

It is obvious that a cause which produces only very feeble 
signs of electricity, in so small a quantity of vapor as that which 
arises from a single drop of water, may still be sufficient to 
occasion a vast accumulation of the same agent, in such a 
quantity of vapor as that which is daily ascending into the 
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atmosphere. For it has been calculated, that more than two 
thousand millions of hogsheads of water are evaporated from 
the Mediterranean alone in one summer's day. 

Thunder Storms. 

428. The following are the leading fads respecting the elec- 
tricity of the atmosphere in relation to this subject, and they 
are facts which have been established by numerous observers, 
of the most active and diligent class. Beccaria, an ItaUan 
electrician, continued his obser^'ations on the electricity of 
the atmosphere for fifteen years with great assiduity ; and Ca- 
vallo. Read, Saussure, and others, prosecuted the same inquiries 
with similar zeal. 

(1.) Thunderclouds are, of all atmospheric bodies, the most 
highly charged with electricity. But all single, detached, or 
insulated clouds, are electrified in greater or less degrees, 
Bometimes positively and sometimes negatively. When, how- 
ever, the sky is completely overcast with a uniform stratum of 
clouds, the electricity is much feebler than in the single detach- 
ed masses before mentioned. And, since fogs are only clouds 
near the surface of the earth, they are subject to the same condi- 
tions ; — a driving fog of limited extent, is often highly electrified. 

(2.) The electricity of the atmosphere is strongest when hoi 
weather succeeds a series of rainy days, or when wet weather 
succeeds a series of dry days ; and during ^my single day, the 
air is most electrified when the dew falls before sunset, or when 
it begins to exhale near sunrise. 

(3.) In clear steady weather, the electricity generally remains 
positive ; but in falling or stormy weather, it is constantly 
changing from positive to negative, or from negative to positive. 

Such are the circumstances of atmospherical electricity in 
general ; next let us attend to the peculiar phenomena of thunder 
storms, chiefly as they are exhibited in our own climate. 

In thunder storms th**re is usually a singular and powerful 
combination of all the elements, — of darkness, rain, thunder and 
lightning, and sometimes hail. 

They occur chiefly in the hottest seasons of the year, and 
after mid-day; and are more frequent and violent in warm, 
than in cold countries. 

Thunder Storms. — State the leading facts. Are thunder clouds found 

by expeiimeut to be charged with electricity T How is the electricity of 

sing]e detached clouds compared with a uniform stratum covering the 

face of the sky ? What is s%\d of vhe ekcuVcal fiaie of fogs ? What dayi 

are most electrical ? W ha l ixraes ul Ajv'j ^. >N V\«.\V:\vkA <A ^X^^vix^wj ^w^vA* 

in clear weather, and what in ixv\Yw?;vjev^vV\«^x>. ^Vw^XtwiXivsi^'Ctfwi^^ 

the eJemeiits do we observe m a \V\v\udei %>\.oim. 
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In this state, (Connecticut,) thunder storms usually come from 
the west, either directly, or from the north-west or south-west; 
but occasionally from the east. 

Violent thunder and lightning are frequently observed in vol- 
canoes and water spouts. 

Thunder storms sometimes descend almost to the surface of 
the sea, and fall upon the sides of mountains ; in which case 
they are extremely violent. 

We occasionally observe the following circumstances succeed 
each other in regular order: first a vivid flash of lightning,— 
then a loud peal of thunder, — and, after a short interval, a sudden 
fall of rain, which sometimes stops as suddenly as it began. 

429. There are in thunder storms evidently two distinct 
classes of phenomena to be accounted for. The first class con- 
sists of the common elements of a storm, — clouds, wind, and 
rain; the second, of thunder and lightning. The following 
proposition embraces, in our view, the true explanation of bo^ 
these classes of phenomena : — 

The storm itself, including every thing except the electrical ap- 
pearances , is produced in the same manner as other storms of wind 
and rain ; and the electricity, and of course the thunder and light- 
ning, is owing to the rapid condensation of watery vapor. 

We do not, therefore, consider electricity as the cause, but as 
the consequence of the storm ; or as a concomitant of the clouds, 
wind, and rain. 

Lightning Rods, 

430. Dr. Franklin had no sooner satisfied himself of the 
identity of electricity and hghtning, than, with his usual sagacity, 
he conceived the idea of applying the knowledge acquired of 
the properties of the electric fluid, sa as to provide against the 
dangers of thunder storms. The conducting power of metals, 
and the influence of pointed bodies, to collect and transmit the 
fluid, naturally suggested the structure of the Lightning Rod. 
The experiment was tried and has proved completely successful; 
and probably no single application of scientific knowledge ever 
secured more celebrity to its author. 



At what season ofthe year are thunder storms most violent? From what 
direction do they come .'* Are they ever observed in volcanoes and water 
spouts?. What two classes of phenomena are to be distinctly accou!\\Ad 
for ? Enunciate the proposition that expr esse.* \Y\e c«ius^«l>JR\ixv^'t\\\^vsB^' 
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431. Liglilning fcds are at present usually coiistrocied of 
iwroiighi ii'oii, about three fourlhs of an inch in diameter. The 
parts may be maiie separate, but, wbeii ihe rod is in its place, 
riwy should be screwed logelher so as lo fil closely, anil to make 
a conLinuous surface, since ihelliiid experiences much restsmnu 
in pHssing through links awl other inicrropied joinis. Auhe 
boiU>ni ihe rod should terminate in iwo or ihree brnnclies, gowg 
off in a (lireelion from ihe building. The depth to which ii 
enicrs the earth should noi be less ihan five feel; bm ik 
necessary depth will depemi somewhat on ihe naliire of the soil; 
wetBoiis require a less, ami dry soils a greater depth. Indiy 
sand it must not be leas ihan ten feet ; and in such siHiaiions, 
it would be better siili lo connect, by a convenient conduciing 
oainmuiiication, the lower end of the rnd with a welt or spring 
of water. It is useful to till up the space around llie part ofilie 
lod that enicrs the ground, with coarsely powdered chareoat 
which at once furnishes a good conductor, and preserves ihi 
Bletat from corrosion. The rod should ascend above the ritlgl 
of the building to a height determined by the Iblhiwing principlft: 
that it will protect a space in every direction from il, lohoseradits 
is equal to twice its keigld. It is beat, when practicable, la 
■ttach itlo the chimney, which needs peculiar protection, boA 
on account uf its prominence, and because the products of cont- 
busiion, smoke, watery vapor, (fee. are con(lui;1ors ofeleclriciiy. 
For a similar reason a kitchen chimney, being that in whictLtbs 
fire is kept during the season of thunder storms, requires to be 
especially protected. The rod is terminated above in three 
forks, each of which ends in a sharp point. As these points 
are liable lo have their conducting power impaired by mat, they 
are protected from corrosion by being covered with gold leaf; 
Of they may be made of solid silver or platina. Black paint 
being made of charcoal, Ibrms a better coating for the rod 
than paints made of other colors, the basis of which are worse 
conductors. The rod maybe attached lo the bnilding by uooijcn 
stays. Iron stays are sometimes employed, and in most cases 
they would be safe, since electricity pursues the most direct 
route ; but in case of an extraordinary charge, there is danger 
that it will divide itself, a part passing into the building thrtiugh 
the bolt, especially if this terminates in a point. Buildings 
furuisheil with lightningroda have occasionally been struck with 



Uaiv nre llghdiliiB rods cDaBlrucled .' Mnieimt^' Hnw are Ihe 
filled 10 rach oiherf How lermiiiBted at hutiom? Ho« high . 
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lightning ; but on examination it has generally, if not always, 
been found that the structure of the rod was defective ; or that 
too much «pace -was allotted for it to protect. When the fore- 
going rules are observed, the most entire confidence may be 
reposed in this method of securing safety in thunder storms. 



CHAPTER VI. 

PRECAUTIONS FOR SAFETY DURING THUNDER ST0RM8 
—ANIMAL ELECTUILITY-CONCLUDING REMARKS. 

432. The great number of pointed objects that rise above the 
general level, in a large city, have the effect to dissipate the 
electricity of a thunder cloud, and to prevent its charge from 
being concentrated on any single object. Hence damage done 
by lightning is less frequent in a^populous town, than in solitary 
buildings. For similar reasons, a great number of ships, lying 
at the docks, disarm the lightning of its power, and thus avert 
the injury to which the form of their masts would otherwise 
expose them. A solitary ship on the ocean, unprotected by 
conductors, would appear to be peculiarly in danger from light- 
ning;. but while the greater number of ships that traverse th« 
ocean are wholly unprotected, accidents of this kind are com-* 
parativeiy rare. Thi? reason probably is, that water being a 
better conductor than wood, the course of the discharge towards 
the water is not easily diverted, and will not take the mast in 
its way unless the latter lies almost directly in its course. Barns 
are peculiarly liable to be struck with lightning, apd to be set 
on fire ; and as this occurs at a season when they are usually 
filled with hay and grain, the damage is more serious, for the 
quantity of combustible matter they contain is such as to render 
the fire unmanageable. 

433. Silk dresses are sometimes worn with the view of pro- 
tection by means of the insulation they afford. They cannot, 
however, be deemed very effectual unless they completely 
-envelop the person ; for if the head and the extremities of the 
limbs be exposed, they will furnish so majiy avenues to the fluid 
as to render the insulation of the other parts of the system of 
little avail. The same remark applies to the supposed security 

What eflffct have a gieat number of hi^h pointed uhifcieow U\^ U^VsW 
ity of a plore to beslruck.^ Why is a t>\Vi\) »x %ea. w %fe\Awx\ %\\>^0w^ 
Why am barns so apt to be Injured ? Arc ^WVl Axe>i^^% ^^t^iVtOA^> 
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that is obtained hysleepingon a feather bed. Were ihe pfrson 
Bilual«(] icii/iin the bed, so as lo be entirely enveloped by the 
feathers, they woulil afford some proteciion ; but if the persra 
be extended on the surface of the bed, in (he usual jiosttire, vrilh 
the head and feet nearly in conlact with the bedstead, hew 
rather lose than gain by the non-coiiduciing properties of lie 
bed; since being a better conductor than the bed, ihe charge 
would pass through him in preference lo that. The horizoool 
posture, however, is safer than the erect ; and if any advanug* 
on the whole is gained by lying in bed during a thunder slom, 
it probnbly arises from this source. The same priuciple sug- 
gests a reason why men or animals are so frequently struck with 
lightning, when they take shelter under a tree during a ihuado 
Btorra. The fluid first slriiies the tree, in consequence of in 
being an elevated and pointed object, but it deserts the tree m 
reaching the level of the man or animal, because the latter is a 
better conductor than tlie tree. 

Tall trees, situated near adwclhng house, furnish a partial pro- 
tection to (he building, being both better conductors than the 
materials of the house, and having the advantage of supeiiff I 
elevation. ' 

434. Theproteclion of chimneys is of particular importance, 
(at u> th^Be a discharge is frequently determined. When a fire 
is burning in the chimney, the vapor, smoke, and hot air, whlcb 
ascend from it, furnish a conducting medium for the fluid ; but 
■even when no fire is burning, the soot that lines the interior of 
a chimney, is a good conductor, and facilitates the passage of 
the discharge. 

h is quite essential, during a thunder storm, to avoid every 
«0D8iderable mass of water, and even the streamlets that have 
resulted Irom a recent shower ; for these are all escellenl con- 
ductors, and the height ofa human being, when connected with 
them, is very likely to determine the courseofan electric dis- 
charge. The partial conductors, through which the lightning 
directs its course, when it enters a building, are usually the 
appendages of the walls and partitions ; the most secure situa* 
tion is therefore the middle of the room, and this situation may 
be rendered still more secure by standing on a glass legged stool, 
a hair mattress, or ev^n a thick woolen rug. The pail of every 

Is a fcaiher beH a peculiar gitnce of safely ! Whni pnsiure 19 cnAilf 
Why lire anipiialsfrequenlly suunk uiidptn iree! Wbal ii the inSiieoM 

cu/i'ar/y/mpnrlanL? Why HieweVO a 
pans of a faouse srs sate&t ! 
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building least liable to receive injury, is the middle story, as the 
lightning does not always pass from the clouds to the earth, but 
is of^casionally discharged from the earth to the clouds. Hence 
it is absurd to take refuge in a cellar, or in the lowest story of a 
house ; and many instances are on record in which the base- 
ment story has been the only part of the building that has 
sustained severe injury. Whatever situation be chosen, any 
approach to the lire place should be particularly avoided. An 
open door or window is an unsafe situation, because the lightning 
is apt to traverse the large timbers that compose the frame of 
the house, and would be determined towards ihe animal system 
on account of its being a better conductor. In a carriage the 
passenger is safer in the central part than next to the walls ; but 
a carriage may be effectually protected by aiiaching to its upper 
surface metallic strips connected with the wheel tire. The 
fillets of silver plating which are frequently bound round the 
carriage, may be brought into the conducting circuit. 

Animal Electricity, 

435. Of the natural agencies of electricity, one of the most 
remarkable is that exhibited by certain species offish, especially 
the Torpedo and Gymnotus. This peculiar property of the 
Torpedo was known to the ancient naturalists, and is accurate- 
ly described by Aristotle aiid by Pliny. Aristotle says that this 
fish causes or produces a torpor upon those fishes it is about to 
seize, and having by that means got them into his mouth, it 
feeds upon them. Pliny says that this fish, if touched by a rod 
or spear, even at a distance paralyzes the strongest muscles. 

430. The fact, however, that this extraordinary power de- 
pended upon electricity, was not known until about the year 
1773, when it was ascertained by Mr. Walsh, that the Torpedo 
was capable of giving shocks to the animal system analogous 
to those of the Leyden Jar. Though this property is regarded 
as establishing the identity of the power with the electric fluid, 
yet this power, as developed in the Torpedo, has never been 
made to afford a spark, nor to produce the least effect upon the 
most delicate electrometer. As late as the year 1828, experi- 



Wliat is said of the cellar and of the fire-place, — of au open door or 
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KiB were made upon the Torpedo by Sir Humphry Davy, 
d the coitclusiona id which he iirrived, were, thai the ekclti- 
■ ' city resides in ihia animal in a furm suiled exclusively to \\\e 
purpose of commimieaiing shocke lo ihe animal system,, wliile 
it \at little or nothing else in common with ihe propeniesoC 
electricity, as developed ioTHrions urlificial arrangemenis. 

The Torpedo ia a flai fi«h, seldom Iwtnly inches iu length; 
but one found on the British coast wus four and a half feet long. 
The elecirieityofllie Torpedo has the same relation as common 
electricity to bodies in respect tn their conducting power, being 
readily transmitted through nietiils, water, and other conductnre, 
and not being transmitted through glass and other uoQ-coadac- 



437. Thefifcfncor^anioflheTfirpedoare two itt nuniber.niid 
placed on each side of the cranium and f>il]s. The length of each 
organ is somewhat less than one third pnrt of the length of the 
whole animal. Each organ cnnsisis of perpendicular colutnM 
reaching from the under to the upper surface iifihe body, and «■ 
rying in length according to the various thickness of the flesh in 
different parts. The number of these eohimns are not eonstait, 
being not only diflerent in diQerent Torpeilos, but likewise in dif- 
ferent Bges of the animal, new ones seeming to be produced as 
the animal grows. In a very large Torpedo, one electric orgiw 
has been fomid to consist ofone thousand one hundred and eigliiy 
two columns. The diameter of a column is about one fifth of 
an inch. Each column is divided by horizonial partitions, 
consisting of Irnnaparent membrane, placed over each other at 
very small distances, and forming numerous interstices, which 
appear to contain a fluid. Tlic nnmher of partitions contained 
in a column one inch in length, has been found in some ioslw- 
cea not less than one hundred and fifty. By this arrangemenl, 
the amount of electrified surface is exceedingly great ; equiva- 
lent, in one instance, to one thousand and sixty four feet oS 
coated glass. Hence, the eflects of the electricity of the Tot- 
pedo are such as correspond to those which, inarliflcial arrange- 
ments, are produced by diflnsing a given quantity of Ru'tii over 
B great surface, by which its intensity is much diminished. 

438. The Gymnolus, or Surinam eel, is found in the river* 
of South America. Its ordinary length is from three to four 
feet; but it is said lobe sometimes twenty feet long, and lo 
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give a shock that is instantly fatal. The electric organs of the 
Gymnotus, constitute more than one third part of the whole 
animal ; they consist of two pairs, of different sizes, and placed 
on different sides. The shock communicated to fishes instantly 
paralyzes them, so that they become the prey of the Gymnotus. 
By irritating the animal with one hand, while the other is held 
at some distance in the water, a shock is received, as severe 
as that of the JL.eyden Jar. 

Unhke the Torpedo, the Gymnotus gives a small but percep- 
tible spark, affording additional proof of the identity of the power 
with that of electricity. 

M. Humboldt, in his travels in South America, describes a 
singular method of catching the Gymnotus, by driving wild 
horses into a lake which abounds with them. The fish are 
wearied or exhausted by their efforts against the horses, and 
then taken ; but such is the violence of the charge which 
they give, that some of the horses are drowned before they can 
recover from the paralyzing shocks of the eels. 

The Silurus electricus, is a fish found in some of the rivers of 
Africa. Its electrical powers are inferior to those of the Tor- 
pedo and Gymnotus, but they are still sufficient to give a distinct 
shock to the human system. 

439. Certain furred animals, particularly the cat, become 
spontaneously electrified. This is more especially observable 
on cold windy nights, when the state of the air is favorable to 
insulation. At such times a cat's back will frequently afford 
electrical sparks. Ancient historians mention a number of very 
remarkable occurreaces, of good or evil omen, which are due to 
the electricity of the atmosphere. Herodotus informs us that 
the Thracians disarmed the sky of its thunder, by throwing 
their arms into the air ; and that the Hyperboreans produced 
the same effect, by launching among the clouds darts armed witJi 
points of iron. Caesar, in his commentaries, says, that in the 
African war, after a tremendous storm, which threw the whole 
of the Roman army into gre|it disorder, the points of the darts of 
a great number of the soldiers shone with a spontaneous light. 
In the month of February, (says he) about the second watch of 
the night, there suddenly arose a great cloud, followed by a 
dreadful storm of hail, and in the same night the points of the 
darts of the fifth legion appeared on fire. 

During a dry snow storm, when electricity is evolved in great 

Uive an account of the Gymnotus, — his electrical organs. i>oes the 
Gymnotus give sparks ? What is the metliod of catching the Gymnotus? 
Give an account of the Silurus. State facia lespecXitv^ xVve ^\«evi\^\v) v)!i 
funed aaJmaJg, What facta are menlioned by Vi^io<lu\.>3i« ^vi*>i ^v^^axX 
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qaantities, and, on account of the dry slate of the air, is partialh 
inaulated on conduciing boJics, simitar appearances are eshit 
iled. Thas the earsof horses, anJ various pointed bodies, emil 
faint streams of light. These phenomena are soinettmes ex- 
hibited in a most striking manner in a eiorm at sea, when the 
masts of a ship, yard arms, and every pointed object are tipped 
with hghtning. 

Concludtng Remarks. 

440. From the energy which electricity djsplaj^ in ouroi' 
perimcnts, and much more in thunder storms, there can be no 
question that it holds an important rank among the ultinnK 
causes of nalural phenomena. Its actual agencies, howeta. 
are liable lo be miainterpreted, and that they have beensaiD 
&ct, is too manifest from the history of the science. After tb 
splendid espcriments with the Leyden Jar, and more especrallj, 
^er the identity of electricity with hghtning had been proyed, 
electricians fancied that they had discovered the clue whidi 
would conduct them safely through the labyrinth of nature. 
Every thing not before satisfactorily accounted for, was Mt 
ascribed to electricity. They saw in it, not only the cause of 
thunder etorma, but of storms in general ; of rain, snow, and 
hail ; of wliirlwinda and water spouts ; of meteors and tbt 
aurora borealis ; Bnd finally, of tides and comets and the raotioni 
of the heavenly bodies. Later electricians have fotmd inlhe 
same agent the main spring of animal and vegetable Ufe, mi 
the grand cathoHcon which cures all diseases. Recent atiempls 
have been made to establish the very identity of galvanic elM- 
tricily and the nervous influence, by which the most imporUnl 
functions of animal life are controlled. 

Among the most important of the agencies of electricity ii 
the economy of nature, is that which, according W the viewsof 
mphry Davy, it sustains in relation to the chemicil 
agencies ofbodies. Chemical and electrical attraction, htsof- 
poses, are one and the same thing, ot at least dependent on ih« 
eame cause, the attraction between Ihe elements of a compound 
arising solely from their being naturally in opposite electrical 
states. But the discussion of this hypolliesis belongs more 
appropriately to Galvanism, a branch of our subject which, on 
account of its peculiarities, especially in the mode of excitation, 
1 constituted a separate department of science. 

DoBn electriciij ailend snow iiorms? Whai rauk does e lee iriciiy bDld 
J, ,^1,^, rtlf[ereMBfteci5V.B.vebe™a.sci\hedUiil? What 4fii 



PART V. — MAGNETISM. 



GENERAL PRINCIPLES. 

441. Magnetism is the science which treats of the properties 
and effects of the magnet. — The same term is also used to denote 
the unknown cause of magnetic phenomena ; as when we speak 
of magnetism as excited, imparted, and so on. 

Magnets are bodies, either natural or artificial, which have 
the power of attracting iron, and the power, when freely sus- 
pended, of taking a direction towards the poles of the earth. 

The natural magnet is sometimes called the loadstone,* It 
is an oxide of iron of a peculiar character, found occasionally 
in beds of iron ore. Though commonly met with in irregula!r 
masses only a few inches in diameter, yet it is sometimes found 
of a much larger size. One recently brought from Moscow to 
London weighed one hundred and twenty five pounds, and sup- 
ported more than two hundred pounds of iron. 

442. The attractive powers of the loadstone have been known 
from a high antiquity, and are mentioned by Homer, Pythagoras, 
and Aristotle. . But the directive powers were not known in 
Europe until the thirteenth century, when they were discovered 
by a Neapolitan named Flavio; though some writers have 
endeavored to trace the history of the compass needle to a re- 
moter period, and some have strenuously maintained that the 
Chinese were in possession of it many centuries before it was 
known to Europeans. 

Magnetism is the most recent of all the physical sciences, 
and notwithstanding the numerous discoveries achieved in it 
within a few years, and the remarkable precision with which its 
laws have been ascertained, yet it is still to be regarded as a 
science quite in its infancy, although it is rapidly progressive. 

443. If a magnet be rolled in iron filings, it will attract them 
to itself. This effect takes place especially at two opposite 

'' -- ^. Ml.— ■— ■ ....— ■■ , , , ^M,, ■■■■■■■ ■ » ^ 

Magnetism. — Define magnetism and magnets. What is the loadstone ? 
Which of its powers were known to antiquity .•* Whon were the directive 
powers discovered ^ What is the present state of this science .** What is 
the e£fect when a magnetic bar is rolled in ironfiUti|;&? * 

* Sud to be derived from leedan, a Saxon word wYdcYi %\sitt&^ to guVde% 




lida aorlTf ihingfa hm oaeiiy, norih 
aodMOlfa. UlbenccdkiadnwDMB 
of (be fotilkm it aMoota wbeo at rest, ii will ribrate on eiiher 
•i<J(! of ihal (XMition Dntit ii finally seules in ihe same lioe as 
hefine, mm polu alwaya (oraing to the north, and ihe oihct 
Urwani* the iioiUli. Iiencc the two poles are deuooiiiiaiecl re- 
upeclivtily JUfft/t and south poles. In magnets prepared for 
nsptiriinRnI*, these polea arc markeJ eiiher by the letter N and 
N, ur b)* n linn drawn acrona the magnet near one end, which 
ilunuliis lltHl Uiu ulJBCCUl iK)[o is the north pole. 

. 4'14> lly munni of llie Aircgoing apparatus we may aacenun 
bU tho iiiii([)i(tl )iai llie following general properties, viz: 

_^'ir*l, nowcra of alt«Ction nnil repulsion. 

Sn-nndlj), tlio power of coninmiiicaimg magnetism to iron or 
,„ 'I 'ly ImllU'lioii. 
' 7'Airiy'iii. Jiiilnriiy, or Uie power of taking a direction towards 
A» imlpM iifiJit' mirih, 
^ / imitMji, till' [xn\n of inclining its#f towards a point below 

P liuriout, nxiiiitly i!f<ntmunnictl iht' <i~<;> of tie nerdie. 
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The farther development of these properties will constitute 
the subject of the following chapters. 



CHAPTER I. 

OF MAGNETIC ATTRACTION. 

445. When either pole of a magnet is brought near to a piece 
€>f iron, a mutual attraction takes place between them. 

Thus, when the ends of a magnetic bar or needle are dipped 
into a mass of iron filings, these adhere in a cluster to either 
pole. A bar of soft iron, or a piece of iron wire, resting on a 
cork, and floating on the surface of water or quicksilver, may 
be led in any direction by bringing near to it one. of the poles of 
a magnet. This action is moreover reciprocal, that is, the iron 
attracts the magnet with the same force that the magnet attracts 
the iron. If the two bodies be placed on separate corks and 
floated, they will approach each other with equal momenta ; or 
if the iron be held fast, the magnet will move towards it. 

446. Two other metals besides iron, namely, nickel and cobalt, 
are susceptible of magnetic attraction. These metals, howev- 
er, exist in nature only in comparatively small quantities, and 
therefore by magnetic bodies, are usually intended such as are 
ferruginous. Even iron, in some of its combinations with other 
bodies, loses its magnetic properties ; only a few of the numer- 
ous ores of iron are attracted by the magnet. But soft metallic 
iron, and some of the ores of the same metal, aflecc the needle 
even when existing in exceedingly small quantities, so that the 
magnet becomes a very delicate test of the presence of iron. 
Compass needles ajre sometimes said to be disturbed by the 
minute particles of steel left in the dial plate by the graver ; and 
the proportion of iron in some minerals may be exactly estima- 
ted by the power they exert upon the needle. 

447. In the action of magnets on each other, poles of the same 
name repel, those of different names attract each other. 



Magnetic Attraction. — What takes place when either pole of a magnet 
is brought near to a piece of iron ? Is the action reciprocal f What 
metals besides iron are susceptible of magnetic attraction.' What mi. 
aute portions of iron may be detected by the magnetic \\««d\^^ 'NK^ax 
poles ivpel and wbAt AttrAct each other ? 

23* 
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Thus, the north pole of one magnet will repel the north pole 
of the other, and attract its south pole. The south pole of one 
will repel the south pole of the other and attract its north pole. 
These effects, it will be perceived, are analogous to those pro- 
duced by the two species of electricity ; and they equally imply 
two species of magnetism or two magnetic fluids, (as is con- 
venient to call them) namely, the northern and the southern ; or, 
as they are now denominated, the boreal and the austral fluids. 

448. By bringing a magnet near to iron or steel, the latter is 
rendered magnetic by Induction. 

Thus, let the north pole Fig. 94. 

of a magnetic bar A, (Fig. 
94.) be brought near to one 
end of an unmagnetized bar 
of soft iron B : the iron will 
immediately become itself 
a magnet, capable of attracting iron filings, having polarity when 
suspended, and possessing the power of communicating the same 
properties to other pieces of iron. It is, however, only while 
the iron remains in the vicinity of the magnet, that ii is endued 
with these properties ; for let the magnet be withdrawn and it 
loses at/once all the foregoing powers. This, it will be remark- 
ed, is asserted of soft iron ; for steel and hardened iron are 
differently affected by induced magnetism. 

On examining the kind of magnetism induced upon the two 
ends of the iron bar B, (Fig. 94.) which we may easily do by 
bringing near it the poles of the needlej (Fig. 93.) we shall find 
that the nearer end has south, and the remoter end north polar- 
ity. This effect also is analogous to that produced by electrical 
induction. A corresponding effect would have taken place, had 
the south instead of the north pole of the magnet been presented 
to the bar of iron; in which case the nearer end would have 
exhibited northern, and the remoter end southern polarity. Or, 
to express this important proposition in general terms. 

Each pole of a magnet induces the opposite kind of polarity in 
that end of the iron vjhich is nearest to it, and the same kind in 
that end which is most remote. 



What names are given to the two kinds of magnetism ? Explain how 
iron or steel is rendered magnetic by induction. What kind of electricity 
is induced on the end nearetit to the magnet and on the end most remote^ 
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449. The power of a magnet is increased by the exertion of its 
inductive power upon a piece of iron in its neighborhood. 

The end of the piece of iron contigious to the pole of the 
magnet, is no sooner endued with the opposite polarity, than it 
re-acts upon the magnet and increases its intensity, and a series 
of actions and re-actions take place between the two bodies, 
similar to what occurs in electrical induction. On this account 
the powers of a magnet are increased by action, and impaired 
or even lost by long disuse. By adding, from time to time, 
small pieces of iron to the weight taken up by a magnet, its 
powers may be augmented greatly beyond their original amount. 
Hence, the force of attraction of the dissimilar poles of two 
magnets, is greater than the force of repulsion of the similar 
poles ; because, when the poles are unlike, each contributes to 
enhance the power of the other, but when they are alike, the 
influence which they reciprocally exert, tends to make them 
unlike, and of course to impair their repulsive energies. 

Hence, also, a strong magnet has the power of reversing the 
poles of a weak one. Suppose the north pole of the weaker 
body to be brought in contact with the north pole of the stronger; 
the latter will expel north polarity, or the boreal fluid, and 
attract the austral, a change which in certain cases will be 
permanent. 

If the north pole of a magnetic bar be placed upon the middle 
of an iron bar, the two ends of the latter will each have north 
polarity, while the part of the bar immediately in contact with 
the magnet receives south polarity ; and if the same north pole 
be placed on the center of a circular piece of iron, all parts of 
the circumference will be endued with north polarity while the 
plate will have a south pole in the center. By cutting the plate 
into the form of a star, each extremity of the radii becomes a 
weak north pole when the north pole of a magnet is placed in 
the center of the star. If an iron bar is placed between the 
dissimilar poles of two magnetic bars, both of the magnets will 
conspire to increase the intensity of each pole of the bar, and the 
magnetism imparted to the bar will be considerably stronger than 
from either magnet alone ; but if the same bar be placed between 
the two similar poles, the opposite polarity will be imparted to 
each end, while the same polarity is given lo the center of the 

How is the power of a magnet influenced by tiie exertion of the inductive 
power ? How are the powers of a magnet affected by use and by disuse ? 
What effect lias a strong magnet on the poles of a weak one ? What is the 
effect when the north pole of a magnet is placed upon the middle of an iron 
bar.^ Also when placed in the center of a stm? YfYi^n x3iDi^\\QTi\»xNst 
placed between two diwimiiar poles of two m^|;ii«\\c \>«.t«^ 



bar. Thus, if liiebarbe placed between ibe oonh poles of wo 
magnets, each end of the bar will become a south pole uid the 
cemcr a north pole. When one end of a magDeiic bar is appUed 
lo (he ends of two or more wires or sewing needles, ihe btin 
arrange themselves in radii diverging from the magnetic pole. 
This effect is in consequence of their remoter ends becomiDg 
endued with similar polarity, and repelling each other. A like 
effect is observable among ^e filaments of iron filings that fom 
a tuft on the end of a magnetic bar. 

450, The foregoing experiments are sufficient to show ihai 
when a piece of iron is attracted by the magnet, it is first itself 
converted into a magnet by the inductive influence of the mag- 
netizing body. Each of the iron filings which compose the 
tnfi at the pole of a magnetic bar or needle, is itself a magnet, 
ami in consequence of being such, induces the same property 
in the next particle of iron, and that in the next, and so on to 
the last. Hence magnetic attraction does not exist, strictly 
speaking, between a magnet and iron, but only between the 
opposite poles of magnets ; for the iron must first become a 
magnet before it is capable of magnetic iiiSuence. 

451. Soft iron readdy aeqidres magnetism and as readily Usis 
It ; hardened sUel acquires it more stomly, but retains it perma- 
nmlly. 

In the preceeding examples, the magnetism acquired by a 
bar of iron, by the process of induction, is retained only so long 
as the magnetizing body acts upon it. Soon aller the two bodies 
ari! sepamted the bar loses all magnetic properties. 

When a bar of steel is placed very near a strong magnet, the 
action of the magnet commences immediately upon the end of 
the bar nearest to it, the north pole, for example, communicating 
sonth polarity to the contiguous extremity of the bar. According 
to our previous experience, we should expect to find the remote 
end of the bar a north pole ; but suc)i is not the immediaie 
result; a sensible time is reqoired before the north polarity is 
fully imparled to the remote extremity. Indeed, if the bar be a 
long one, it sometimes happens that the northern polarity never 
reaches the farthest end, but stops short of it at some interme- 
diate point. This north pole is succeeded by a second south 



■rroughlineicbfilingf Does mBgoe lie 
I andunmagnetized iioD^ Sta.us ttie ic8 
Li#Uei to laceive masneliim. 
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pole, that by another north pole, and thus several alternations 
between the two poles occur before reaching the end of the bar. 

452. The process of magnetizing a steel bar or needle is ac- 
celerated by any cause which excites a tremulous or vibratory 
motion among the particles of the steel. Striking on the bar 
with a hammer promotes the process in a remarkable degree, 
especially if it occasions a ringing sound, which indicates that 
the particles are thrown into a vibratory motion. The passage 
of an electric discharge through a steel bar under the influence 
of a magnet, produces permanent magnetism. Heat also 
greatly facilitates the introduction of the magnetic fluid into 
steel. The greatest possible degree of magnetism that can be 
imparted * to a steel bar is communicated by first heating the 
steel to redness, and while it is under the influence of a stnnig 
magnet, quenching it suddenly in cold water; 

A magnet, however, loses its virtues by the same means as, 
during the process of induction, were used to promote their 
acquisition. Accordingly, any mechanical concussion, or rough 
usage, impairs or destroys the powers of a magnet. By falling 
on a hard floor, or by being struck with a hammer, it is greatly 
injured. Heat produces a similar effect. A boiling heat weak- 
ens, and a red heat totally destroys the power of a needle. On 
the other hand, cold augments the power of the magnet ; indeed 
magnets improve with every reduction of temperature hitherto 
applied to them. 

453. If a steel bar, rendered magnetic by induction, be divided 
into any two parts, each part will be a complete magnet, having- 
two opposite poles. 

We here meet with a remarkable distinction between magnetic 
and electrical induction. When a body, electrified by induction, 
is divided into two equal parts, the individual electricities alone 
remain in each part respectively ; but in the case of magnetic 
induction, although no appearance of polarity be exhibited ex- 
cept at the two ends, yet wherever a fracture is made, the two 
ends separated by the fracture immediately exhibit opposite 
polarities, each being of an opposite name to that of the original 
pole at the other end of the fragment. If each of the two frag- 
ments be again divided into any number of parts, each of these 
parts is a magnet perfect in itself , having two opposite poles. 

By what means is the process of magnetizing a steel bar accelerated? 
What effect has the passage of an electric discharge lh\ov\^V\^%\.'fe^\\s»x^. 
What is the effect of heat? By what means does \.\\^ Tcva.^T\^\\Q«»^^A 
virtues f Show the difference between roa^nelic^n^ e\et\vvc\'cv^vv<i'^'«^'^* 



Id mtgnelism, ihcrefoFe, there is never, as in eleciricilj, any 
transfer of propenies, bul only the excitation of such aa were 
already inherent in ihe body acted upon. Magnetism never 
passes out of one body iuto another ; nor can we ever ohtmn 
a piece of iron or steel that contains exclusively either northeni 
or sooihern polarity- 

454. The foree- of atlraclion, or of repvUion, exerted ujnrn 
each other by the poles of tteo magnets, placed at different dis- 
tanees, tiarUs iimersdy as the square of the distance. 

This law was ascertained by means of a very delicate ap- 
paratus, in a manner similar lo that adopted in inveatigatiug the 
law of electrical aitraciion. The same law, tfaerefore, which 
governs the attraction of gravitation, likewise controls electri- 
cal and magnetic attractions. It is the most extensive law of 
ibe physical world. Nor is this action at a distance preveoled, 
or even impaired, b^ the interposition of other bodies not them- 
L wives magnetic. 

P 455. The magnetic power of iron resides wholly on its SDH- 
' fACB, and is independent of the mass. 

Thus, a hollow globe of iron of a given surface, will have 
the same effect on the needle aa though it were solid throogh- 
^ ODt. In this fact we again meet wiih a striking analogy be- 
'~"een magnetism and electricity, the same properly having be- 
e been shown to belong to the electric fluid. This is one of 
Wibe most recent discoveries in magnetism, and was made by 
f Professor Barlow of the Military Academy at Woolwich, (Eng.) 
f lo whose ingenious and assiduous labors are due many of the 
ktesi and most important investigations in this science. 



CHAPTER II. m 

OF THE DIRECTIVE PROPERTIES OF THE MAGNETO" 

406. If a small needle be placed near one of the poles of a 
magnet, mth its center in the axis of the magnet, it mil take a 
■'irection in a line mili that axis. 




MAGNETIC ATTRACTION. 



271 




Thus, let S N be a large 
magnetic bar, and snd, small 
needle placed near the north 
pole of the magnet with its 
center in the axis : it will be 
seen that the action of the 
pole of the magnet is such as to bring the neeedle into a line 
with the magnet. The action of the bar upon the needle, ten- 
ding to give it this direction, is equal to the sum of its actions 
upon both poles ; while the attraction of the bar upon the whole 
needle, being only that which the attraction for s, on account 
of its nearness, exceeds the repulsion of n, must be less than 
the directive force. 

457. If the needle be placed at right angles to the bar, with 
one of its poles directed towards the center of the bar, it will take 
a direction parallel to the bar. 

By supposing B (Fig. 95.) to be placed as indicated in the 
above proposition, it will be seen> that the actions of both poles 
of the magnet would conspire in relation to each pole of the 
needle, and that these forces can be in equilibrium only when 
the needle is parallel with the bar. The needle in this situa- 
tion has a tendency to move towards the magnet, because the 
attractions being exerted on the nearer and the repulsions on 
the remoter poles, the sum of the attractions exceeds that of 
the repulsions. 

458. Iron filings or other ferruginous bodies, which are free 
to obey the action of a magnetic bar, naturally arrange themselves^ 
in curve lines, from one pole of the magnet to the other. 



Thus, if we place a 
sheet of white paper on 
a magnetic bar, laid on 
the table, and sprinkle 
iron filings on the paper, 
the filings will arrange 
themselves in curves 
around the poles of the 
magnet. 



Fig. 96. 




If a needle be placed at rieht angles to a magnetic bar, what direction 
will it take ? How do iron filiogi arrange themselvet ^louwd ^ TfiA.^«^ 
bar? 




» 



■UONETIiiM. ^^^^^^ 

459. The nuigTiettc needle, wkenfredtf suspended, seldom painl.i 
I $irfclly to ike pole of the earth, bvt its di-vialion from tliat po(« 
It colled the DKCLiNATiOM, or the variation of the needle. 

A vcTtic^ circle drawn through ihe line in which ihe needle 
nalurally places ilaelf, is called the magnetic meridian. A plane 

(passing at right angles lo the magnetic meridian, through ik 
center of the needie, is called its magnetic equator. A line 
drawn on ihc surface of the earth passing through the place 
where the needle points directly to the north pole, ant] where 
of course the geographical and magnetic meridians coincide, is 
called the line of no variation. 

The North Magnetic Pole was discovered by Commander 
James Ross, of the British Navy, in 1832. It is situHidlinLhe 
re^'on lying north of Hudson's and west of Bafiins's Bay, in 
Latitude 70° N. Longitude 96° 30' W, 

The line of no variation encompassea the globe, hut is subject 
to numerous irregularities. Setting out at llie magnetic pole, 
we may trace it in a direction a little east of south through the 
BriUsh Possessions until it ofbsaes Lake Ontario, the western 
part of the stale of New York, the central part of the Stale of 
Pennsylvania, passing a little eastward of Washington City, 
Thence it pursues a southeasterly coiurse towards the South 
Polar Regions. Places lying westward of this Une have, with- 
in certain limits, easterly, and those lying eastward, westerly 
directions. Throughout the greater part of the western hemis- 
phere the variation is eastward. 

The declination of the needle is not constant, but is subject 
toa small aimual change, which carries it to a certain limit on 
one side of the pole of the earth, when it becomes stationary 
for a time, and then returns lo the pole and proceeds to a certain 
limit on the other side of it, occupying a period of many j'ears 
during each vibration. 

In the United States, the variation of the needle iu different 
^ces is as follows ; — 

New Haven, in 1S33, u° 53' West. 

NewYorkCily, 183}, 4° 25' do. 

Albany, 1834, G° 40' do. 

BurHngton. Vt. 1834, 8° 50' do. 



mngne 
Lfae N 
Trace (be Jii>e ai m 
ifeMivard and eastward of i 
the raj-iaiinns ai New Uavei 



lip decUnalien of tha nerniU,— 
Rgtielic eii.iBiot? What H Ibe 
—Its LHtiiudB mil Lougiiuda? 
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The annual variation is 2' 49", by which quantity the needle 
approaches the pole. 

The variation of the needle is not, therefore, the same at the 
same time, in all parts of the earth, but every place has its par- 
ticular declination. For instance, if we «ail from the Straits of 
Gibraltar to the West Indies, in proportion as we recede from 
Europe and approach America, the compass will point nearer 
and nearer due north ; and when we reach a certain part of the 
Gulf of Mexico, it will point exactly north. But if we sail from 
Great Britain to the southern coast of Greenland, we shall find 
the needle deviate farther and farther from the north, as we ap- 
proach Greenland, where the deviation will not be less than 50®. 
In some parts of Baffin's Bay the needle points nearly due west. 

460. Beside the annual variation, the magnetic needle is subject 
.'to daily changes caUed the diurnal variation. 

The deviation of the horizontal needle from its mean posi- 
tion is easterly in the morning, and arrives at its maximum 
about eight o'clock. Thence it returns rapidly to its mean 
position which it reaches between nine and ten o'clock, and then 
its variation becomes westerly, at first increasing rapidly, so as 
to reach its maximum at about one o'clock in the afternoon, and 
then slowly receding during the rest of the day^ and arriving at 
its mean position about ten o'clock at night. 

461 . i4 needle first balanced horizontally on its center of gravity^ 
and then magnetized, no longer retains its level, but its north p^ 
spontaneously takes a direction to p. ^^^ 

a point below the horizon called the 

DIP OF THE NEEDLE. 

The Dipping Needle, is repre- 
sented in Fig. 97. When used, 
it is to be placed m the magnetic 
meridian, and the stand which 
supports it, made perfectly level, 
by means of the adjusting screws g^ 
attached. * ^ 




What 18 the average annual variation? What changes of declination 
do we meet with in going from the Straits of Gibraltar to the West 
Indies, or from Great Britain to the southern coast of Greenland ? How 
does the needle point in some parts of Baffin^s Bay ? State the f%^\.% \%-' 
f pectiog the Diwmal Vanation of the needle. k\%o \ev^o!v\\% >^^ IK^* 

24 
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The i!ip of the necdJe is very different in different parts 
of I. !' L'i*»!>i\ bring, in g(jjicral, least in the equatorial and 
;.Trau >i ill (he )X)Iar regions. A I certain pluces on the globe 
i:;e r.- r.ile has no (hp, tiiat is, becomes perfectly horizontal, 
and a imc uniting all such places is called the magnetic equator 
(W* i}i t.i.'th. Again, in the Polar Regions, the dipping needle 
M'i;suiiir.i'S heeonics nearly perpendicular to the horizon. In 
\\ic mi. Kile iafiiudes, the dip is greater or less, but does not cor- 
respond exactly to the latitudes. 

4()'J. The force exerted hy the magnetism of the earth varies 
in ditfrrrul places : its comparalwe estimate for any given place^ 
tscM'd the MAGNETIC INI ESsiTY for that placc. 

As in the case of the pendulum in its relation to the force of 
gravity, the magnetic intensity may be measured by the number 
flfoscHI(i(io?is, which a needle drawn a given number of degrees 
from its point of rest, performs in a certain time, as a minute 
for example, the force being as the square of the number of 
oscillations. In general it is well ascertained that the magnetic 
intensity is least in the equatorial regions, and increases as we 
advance towards the poles. It is probably at its maximum at 
ihc magnetic poles. By ascertaining from actual observation, 
a number of different places on the surface of the earth where 
the magnetic intensities are equal, and connecting them by a 
line, it appears that they arrange themselves in a curve around 
the magnetic pole. These lines are called isodynamic curves. 
Extensive journies have been undertaken by Humboldt, Sa- 
bine, Hansteen, and others, to ascertain the point on the sur- 
face of liic earth where the magnetic intensities are equal, for 
the purpose of describing these curves. The earliest results 
indicated t.he position of the magnetic pole to be in the north- 
eastern part of Hudson's Bay ; but the directions of these curves 
presented such anomalies as to suggest the idea of a second 
niagnciic pole in the oppoiiile hemisphere. With a view of 
ascertaining tliis point, Professor Hansteen, of Christiana, sev- 
eral years yinre undertook a journey into Siberia, at the expense 
of ibc king of Sweden, and has fully confirmed the fact, that 
there exists a second magnetic pole to the north of Siberia, 
around which the isodynamic curves arrange themselves in reg- 



Whcrc is the Dip least, and where greatest ? What is the eartirs mag- 

nf lie ei^uator ? How is the clipping ncertie inclined in the Polar Rrgions:* 

Define Ma^fTfiHic Inte.nsity. How may it be measured? In whnt parts 

oi' the oarf h is the magnetic uMcusUy \ed%\.? W\,\*te. ^vtatest ? Explain the 

iBodytmmic curves. Where is i\\c ^^coud m^v^^\:\c ^c»\t %\\\\^v^^> 
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ular order. From experiments made in deep mines, and in the 
upper regions of the atmosphere by aeronauts, it appears that in 
both these situations, the magnetic intensity is the same as at 
the corresponding places on the surface of the earth. 

463. The effects produced by the earth on a magnetic needle^ 
correspond to those produced on it by a powerful magnet^ and 
hence the earth itself may be considered as such a magnet. 

The magnetism of the earth has been supposed by some, to 
result from a great magnet lying in the central parts of the 
earth ; by others, to be nothing more than the resultant of all 
the smaller magnetic forces scattered through various parts of 
the terrestial sphere ; and* by others to be excited on the surface 
of the earth by the action of the solar rays. 

The supposition of a great magnet in the interior of the earth, 
to which all the phenomena of terrestial magnetism are to be 
ascribed, is the earliest hypothesis, and is adequate to explain 
most of the facts of the science. But such a supposition is in- 
consistent with the recent discovery of two north poles, imply- 
ing the existence of four magnetic poles of the earth. The 
opinion of Biot, that terrestial magnetism is only the aggregate 
or resultant of all the individual magnetic forces residing in 
different parts of the earth, appears to be no improbable suppo-' 
sition, and accords well with the general doctrine of the compo- 
sition of forces. 

464. In the year 1813, Dr. Morichini, of Rome, announced 
that the violet rays of the solar spectrum have the propetry of ren- 
dering iron magnetic. In 1 825, these experiment were repeated 
and extended by Mrs. Sommerville, and resulted in proving 
that the magnetizing power is not confined to the violet rays, 
but extends to the indigo, blue, and green rays. The probable 
conclusion is, that a class of rays emanate from the sun which 
have the property of producing magnetism, and are distinct from 
those which afford light and heat, and produce chemical chan- 
ges. Hence, in the solar beam there are at least four distinct 
kinds of rays? denominated, respectively, colorific^ calorific^ 
chemical^ and magnetizing rays. 

465. Electricity and magnetism are^ in some of their properties^ 
remarkably alike, but in others strikingly dissimilar. 

How is ihc magnetic intensity of deep mines, unci the upper regions of 
tho atmosphere f W^hat is said of the mngnetism of the earth f How is 
it supposed to be produced ? How does the supposiliovx lV\^\ v\\^ *.'^\^\'^ 
a magnet accord with the existence of four mft^jWcut ^oX^*"*. Ns^axV* 
JSJot^s opinion.^ When is said of lolar ma^i\e\\c ia^«t 



UPS XMTNETISir. 

SeTeral of ibeae arwSogies have been already iucidenlaOf 
neniioned ; but it will be useful to ihe aiudeni (o oouaider ihein 
in cotinexioD. Eleclricity and magneliara agree in ihe follow- 
iDg particulars: (1.) Eachconaiats oflwoapecies, the »irfeoi» 
and resinous electricities, and the austral and boeral magnet- 
tama. (2.) In both cases, ibose of [he same name repel, and 
those of opposite namea attract e;ich other. (3.) The laws of 
iiuluctioD in both are very auslofious. (4.) The furce, in each, 
varies loversely as tbe square of the distance. (5.) The power, 
in both cases, resides at ilie surface of bodies, and is indepeii' 
dent of their mass. 

But fflectficiiy and magnetism are as lemarkably unlike k 
tbe foirowitig particulars. { I,) Electricity is cnpHble of being 
eiciteil in all bodies and of being imparted to all : magnelilOl 
resides almost exclusively in iroit in its different forma, sod, 
witb a &w exceptions, cannot be elicited in any other than ^e^ 
niginous bodies. (2.) Eleclricity may be transferred from tm 
body to another ; magnetiBoi is incapable of such iranafereDce; 
inagneiB communicate iheir praperlies merely by induction, a 
process in which no portion of the fluid is withdrawn from the 
magnetizing body. (3.) When a body of elongated figure ii 
efectrified by induction, on being divided near the middle, the 
two parts posse5a,respec[ively, the hind ofelectricity only which 
each had before the separation ; but when a bar of steel or a 
needle magnetized by induction, is broken into any uumbernf 
pans, each part has both polarities and becomes a perfect 
magnet. (4.) The directive properties and the various conse- 
quences that result from it, the declination, annual anddiumal 
vanaiionSi.thiidtp, and the difierent intensities in different parti 
of the earth, are all peculiar to the magnet and do not apper- 
teialo eleacrified bodies. 

MeOiods of mahing Anijiciai Magnets. 

^eS. Ff the learner has made himself acquainted with tht 
principles expounded in the preceding propxsilions, he wtlLbe 
qualified tn proceed, with interest and intellig^ce, to an e>- 
planHtiou of the leading methods practised in the manufactun 
of artificial magnets. These methods also, by involving a 
practical' application of those principles, will serve to impreas 
n the memory and' ID rendfcr the knowledge of them f*- 
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It Will be recollected that magnets are made from other 
magnets ; that this is done, not by any transference of a portion 
of the power of the magnetizing body, but by the development 
of the powers naturally residing in the body to be magnetized ; 
that this development is effected wholly on the principle of in- 
duction ; that the original magnet gains instead of losing by its 
action on other bodies ; that this powef may be induced on iron 
by the agency of an artificial magnet, or of the loadstone, or of 
the earth, which is itself a weak magnet, and acts upon the same 
principles as any other magnet. It must also be kept clearly 
in mind, that soft iron or steel readily acquires, and as readily 
loses the magnetism induced upon it, and that hardened iron or 
steel receives it slowly and with much difficulty, but retains it 
permanently. As the earth itself may be supposed to have been 
the original source of magnetism in all other bodies in which 
it is found, there are methods of magnetizing from the earth 
without the aid of either the loadstone or an artificial magnet. 

467. A needle may he magnetized hy simply suffering it to 
remain in contact with the pole of a strong magnet ; or better be- 
tween the opposite poles of two magnets. 

The effect produced by two magnets is much more than 
double that of one magnet, as may he inferred from Art. 448. 
But if the needle be of considerable length, several intermediate 
sets of poles are sometimes developed, as will be seen by apply- 
ing iron filings. It adds much to the power of the two magnetic 
bars between which the needle is placed, if to each extremity of 
the bar most remote from the needle, a mass of soft iron is placed. 
The iron in this case, acts and re-acts by induction ; and hence, 
whenever magnets are not in use, they require to be connected 
with iron to prevent the loss of their powers. Pieces of soft iron 
thus connected with magnets, for the purpose of augmenting their 
power by induction, are called armatures. Thus A is the arma- 
ture of the horse shoe magnet represented in Fig. 99. 

468. But it must be recollected that the two species of mag- 
netism are not, like those of electricity, separated to a distance 
from each other, so that one kind may be wholly collected at 
one end of the bar and the other kind at the other end ; but that 
the two are separated only at a minute distance, remaining in the 
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immediate vicinity of each other throughout the whole length of 
the bar. Heuce, iu order to give the magnetizing pole its full 
effect, it becomes necessary to apply it successively to every 
part of the bar, from one end to the other. 

A more effectual method of magnetizing a needle is the fol- 
lowing : Place two magnetizing bars, A, B, parallel to each others 
with their dissimilar poles ad- „.^ 

jaccnt ; unite the poles at one ** 

end by a piece of soft iron R, 
and apply the poles at the other 
end to ihe needle, as is rep- 
resented in Fig. 98. Upon this 
principle, that is, the increased 

energy with which the two poles act together, is formed what 
is called the horse shoe magnet, which derives its name from its 
peculiar figure, (Fig. 99.) Bars of this form are converted into 
magnets upon the same princi- 
pies as straight bars, the mag- ' ^ 

netizing bar being made to fol- 
low the curvature always in the 
same direction. A very effica- 
cious mode of making horseshoe 

magnets is thus described by Professor Barlow. Two horse 
shoe bars maybe united at their cnds^ in such a manner that the 
poles which are to be of opposite names shall be in contact. 
They are then to be rubbed with another strong horse shoe mag- 
net, placing the latter so that its north pole is next to the south 
pole of one of the new magnets, and consequently its south pole 
next to the north pole of tJie same ; carrying the movable magnet 
round and round, always in the same direction. This is esteemed 
one of the most eligible modes of making powerful magnets. 

The horse shoe magnet is itself very convenient for imparting 
magnetism to other bodies. Place the poles near the center of 
the needle ; move them along its surface backwards and for- 
wards, taking care to pass over each half of it an equal number 
of times ; repeat the same operation on the other side ; and the 
needle will become speedily and effectually magnetized. 

469. The best mode of making magnetic needles in general, 
is expressed in the following rule, given, as the result of very 
extensive and accurate experiments, by Capt. Kater. 

. ^ SVhy h it necessary lo Rp\>\y lUe ma^ueimu^ V<^W to all ^ris succees- 
JveJy f Describe tlie horse eho^ mA|;i\cx. >N\ya.\ \% '^\xi\q»V% >\\«>Xivv^^\ 
maUug them ? How to magnetatt ufte<)klA% yiiv^ >>ck,% \Mit%% ^^^ va^^^v^ 
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Place the needle in the magnetic meridian; join the opposite 
poles of a pair of bar magnets^ {the magnets being in the same liru) 
and lay the magnets so joined fjlat upon the needle, with their poles 
upon its center ; then having elevated the distant extremities of 
the magnets, so that they may form an angle ofa^jout two or thrie 
degrees with the needle, draw them from the center of the needle to 
the extremities, carefully preserving the same inclination ; and 
having joined the poles of the magnets at a distance from the nee- 
dle, repeat the operation ten or twelve times on each surface. 

The Compass, 

470. The Compass, (the importance of \vhich to mankind, 
has attached to the subject of magnetism its principal value,) is 
of many different forms, but the chief varieties are the Land 
compass, the Mariner's compass, the Azimuth compass, and the 
Variation compass. The needle, in all these varieties, is usu- 
ally a thin flat plate of steel, tapering at the extremities ; but, a 
more eligible form has been proposed by Capt. Kater, consisting 
of four narrow strips of „. 

Btccl, united in the form of a ^f^ 

hollow rhombus, (Fig. 100.) 
It is found advantageous to 
concentrate the powers of 
the needle as much as pos- 
sible in the two extremities, and to avoid all inequalities, arising 
from intermediate poles, or from a difference of strength in dif- 
ferent parts. The needle is secured at the point of suspension, 
and furnished with a conical cap of brass which rests on a 
perpendicular pin ; and still farther to diminish friction, the 
point which rests on the extremity of the pin, is made of agate^ 
one of the hardest mineral substances. Since, if the needle is 
magnetized after having been balanced on its center of gravity, 
it would no longer remain horizontal, the equipoise is restored 
by attaching a small weight to the elevated side. 

471. The compass, in its simplest form, consists of a needle 
like the foregoing, enclosed in a suitable box covered with glass. 
This is all that is essential when it is required merely to know 
the direction of the meridian, or the north and south points. 
But, for most purposes, the compass is furnished with a grad- 
uated circular card, divided into degrees and minutes ; and in 
the mariner's compass the card is also divided \w\o \Vv\tv^-Viwi 

State KsLterU mode of making magnelic needVetu Tht Co«wfiaM.r— \>^'> 
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equal parti called rhumbs. The card thus divided is faatened 
to the needle iiself, and turns with it. 

472. Thin, slender needles have the greaiesl directive pov- 
en, and are most sensible, since they undergo less friction than 
those which are heavier ; but due regard to strength requires 
them to be madn of a certain degree of thickness ; a.n increase 
of length is attended with an increase of directive powi 
but when the thickness remains the same, the weight, and 
consequently the friction, increases in the same ratio) no 
advantage, therefore, as to directive power, can be obtained by 
any increase oF length. Moreover, needles which exceed a 
-very moderate length, are liable to have several sets of poled, a 
circumstance which is attended with a great diminution of 
directive force. On this account, short needles, made exceed- 
jagly bard, are generally preferable. 

Fij. 101. 




473. The great imporance of the mariner's compass, hu 
made its construction an object of much attention, and the bed 
artists have tried iheir skill upon it. The compass is suspended 

- What litiil of nBe'Hes have \l\e %ieaie»V Awt«.vj« v™"'- ■^>iwiii.w» 
pnl, long 01 short oecdlea? 
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in its box in such a manner as to remain in a horizontal position^ 
notwitlistanding all the motions of the ship. This is effected 
by means of gimbals. This contrivance consists of a hoop, 
usually of brass, (Fig. 101.) fastened horizontally to the box by 
two pivots placed opposite to each other, and constituting the 
axis on which the hoop turns up and down. At an equal dis- 
tance from the pivots on each side, that is, at the distance of 
90° from each pivot, two other pivots are attached to the ring at 
right angles to the former, on which the inner box that contains 
the card is hung. Of course, when it turns on these pivots, its 
motion is at right angles with that of the hoop. Therefore, all 
the motions of which the compass box is capable, are performed 
around two axes which intersect each other at right angles ; 
consequently, the point of intersection, being in both axes> wiU 
not move at all. But the needle and the attached card rests 
upon this point, and are connected with the compass box in no 
other point. Hence they remain constantly horizontal in every 
position of the box. 

The Azimuth compass* differs from the common mariner's 
compass only in having sights attached, by which the bearing 
of any object with the meridian may be ascertained. The Sur- 
veyor's compass is a variety of the Azimuth compass. 

Describe the Mariner^s compass. By what means is the needle kept 
in a horizontal position? How is the Azimuth compass constructed ? 

* Azimuth, as applied to a itar or an][' eelettial object, is an are of the horizon intev^ 
«epted between the meridian and a verucal circle passing throagh the obJect% 
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PilELIMWARY DEFDilTlOSS AND 0BSE[tVATI0N3. 

474. Optics is that branch of Natural Phihsophy k/ucIi iTtoU 
of Light and Vision. 

More particularly, it is the object of this science to inresligaie 
Ihe nature of ihc: agent on wLich ihe phenomena of vision de- 
pend ; to treat of ihe motions of light, in respect to its directiM, 
Its velocity, and iis reflexion from the surfaces of bodies ; to 
trace its chajige of direction, and the various other modificationa 
it undergoes bypaBsing through different transpurenl media; to 
explaiu ilie phenotnena of natare wjiich Uepentt upon the pro- 
perties of light, embracing the doctrine of color ; to trace the 
relation between iight and the structure of the eye, comprelienJ- 
ing the subject of vision; and finally, to describe the variom 
instruments to which a knowledge of the principles of Optics 
has given birlh, (iiscloaing many new and wonderful properliB 
of light, and extending the range of human vision, on the one 
hand, to myriads of objects tno miimte, and on t!ic other, tt 
nujnberless worlds too remote, to be seen by the unassisted eye. 

475. Luminous bodies are naturally of two kinds, snch ai 
ihine by theirown light, as a lamp or the sun, and such as shiitt 
by borrowed light, as the moon, and most of ihe visible object) 
in nature. 

A ray is a line of light ; or it is the line which may be con- 
ceived to be described by a particle of light. In a more general 
sense, the term is applied to denote the smallest portion of light 
which can be separately subjected to experiment. A beam it 
a collection of parallel rays. A pencil is a collection of con- 
verging or diverging rays. A medium is any space through' 
which light passes. When a space is a perfect void, so aa to 
offer no obstruction to the passage of light, it is said to be nfnt 
medium; when the space intercepts a portion only of the light, 
it conatilules a iranspamnt medium. Transparency, however, 

Optia.—Otdn-. 0\,iics. Enumernle innre pnnrculnrl}' Ihe ubJtcUsr 
Ihiiscienco )n rtg.ird in iha nuiure and niniian oniglil, incnlnr, (u viilaii, 
Biid 10 optical iuilrumenia? How sk luniinoui bodiei divided IoIdIkd \ 
kiiidif Define ft tny, a benm, a. \win;i\, a. iwsavina, ». {n« iaedlu>(ft | 
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may exist in different degrees. When the medium itself is in- 
visible, as portions of air, it is said to he perfectly transparent; 
when the medium is visible, but objects are seen distinctly 
through it, as in the clearest specimens of glass and crystals, it 
is said to be, simply, transparent ; when objects are indistinctly 
seen through it, it is semi- transparent ; and when a mere glim- 
mering of light passes through, without representing the figure 
of objects, it is translucent. Bodies that transmit no light are 
said to be opake. 

476. Raj/s of light, while they continue in the same uniform 
medium, proceed in straight lines. 

For objects cannot be seen through bent tubes ; the shadows 
of bodies are terminated by straight lines ; and all the conclu- 
sions drawn from this supposition, are found by experience to 
be true. If two bodies with plane surfaces, as two disks of 
metal, be held between the eye and some luminous point, as a 
star, on bringing the two planes gradually towards each other, 
the star may be seen through the intervening space until the 
planes come completely into contact ; but if one of the surfaces 
is convex and the other concave, the light is intercepted before 
the surfaces have met. In consequence of the rectilinear motion 
of light, it forms angles, triangles, cylinders, cones, <fec., and 
thus its affections fall within the province of geometry, the prin- 
ciples of which are applied with great effect to the development 
of the properties and laws of light, after a few fundamental 
properties are established by experiment. From every point 
in a luminous object, an inconceivable number of rays of light* 
emanate in every direction, when not prevented by obstacles that 
intercept it. Thus, from every point in the flame of a candle, as 
seen by night, light diffuses itself, pervading an immense sphere, 
and filling every part of the space so perfectly, that not the 
minutest point can be found destitute of some portion of its rays. 
Any luminous body of this kind is called a radiant. The pencil 
•of light which proceeds from a radiant, is a cone, the sections 
of which, made by any plane, correspond to the figures called 
conic sections, If any portion of the pencil be intercepted by 
a rectilateral figure, that portion constitutes a pyramid of which 
the figure is the base and the luminous point itself is the vertex. 
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477. Light has <t progretitive motion of ahoul one hundred mi 
ninety two thousand Jive hundred miles per seeond. 

The esiimation of the velocity of light, (which may be classed 
among ihe greatest achieveinenta of the human mind,) has been 
eiTected in two different waya. The first metliod is by means 
of the eclipses of Jupiier'a BatellLies, To render this mode 
iiitellijiible to those who have not studied astronomy, ii ma]' bt 
premised, that the planet Jupiter is attended by fotir mooat, 
which revolve about their primary, aa our moon revolves about 
the earth. These small bodies are observed, by the telescope, 
U> undergo frequent eclipses, by falling into the shadow which 
the planet casts in a direction opposite to the sun. The exact 
moment when the satellite passes into the shadow, or comes out 
of it, as seen by a spectator on the earth, is calculated by aatrou- 
oraers. But sometimes the earth and Jupiter are on itie saoH 
side, and sometimes on opposite sides of the sun ; consequently, 
the eitrth is, in the former case, the whole diameter of its orbii, 
or about one hundred and ninety millions of miles nearer to 
Jupiter than in tlte latter. Now it is found by observation, thil 
an eclipse of one of the satellites is seen about siateen miouie) 
and a half sooner when the earth ia nearest to Jupiter, than when 
it is moat remote from it, and consequently, the light must 
occupy this time in passing through the diameter of the eanh'a 
orbit, and must therefore travel at the rate of about one hundred 
and ninety two thousand miles per second." Anoiber method 
of eatimating ihe velocity of light, wholly indepeudent of the 
preceding, is derived from what is called the aberration oftk 
jCaed stars. The full explanation of this method must be refer- 
red to astronomy ; but it may be understood, in general, that 
the apparent place of a fixed star is altered from the effect of 
the motion of its light combined with the motion of the earth is 
its orbit. It will he remarked, that the place of a luminous 
object is determined by the direction in which its light meen 
the eye. But in the case of light coming from the slara, the 
direction is altered in consequence of the motion of the earth in 
lis orbit, heing intermediate between the actual directioDsof 
the earth and tlie light of the star ; and the velocity of the earlb 
ID its orbit being known, that of light may be computed from the 
proporliond part of the effect produced by it in causing iha 
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aberration. The velocity of light, as deduced from this method, 
comes out very nearly the same as by the other. Hence it is 
inferred that the velocity of light is uniform. 

478. The intensity of light, at different distances from the 
radiant, varies inversely as the square of the distance. 

Thus, if we carry a given surface, as a leaf of paper, to differ- 
ent distances from a candle, at the distance of six feet the surface 
will receive only i as much light as at the distance of three feet ; 
at twelve feet, or four times as far as at first, the light will be 
only ^ as intense. Although the intensity of light decreases 
rapidly as we recede from the radiant, yet the brightness of the 
object suffers little diminution by increase of distance. A candle 
appears nearly as bright at the distance of a mile as when close 
to the eye. 

479. Light, when it impinges on smooth surfaces, is reflected 
back into the same medium, and when it passes out of one me- 
dium into another, it is bent out of its former course, or refracted. 
The laws of reflexion and refraction constitute, severally, 
important departments of the science of Optics, and to these our 
attention will bow be directed. 



CHAPTER I. 

OF THE REFLEXION OF UGHT. 

480. Light is said to he reflected when, on impinging upon any 
.turf ace, it is turned back into the same medium. 

Instruments employed as reflectors are divided into mirrors 
and speculums. The name mirror is applied to reflectors made 
of glass and coated with quicksilver, as common looking glasses : 
the word speculum is applied to a metallic reflector, such as 
those made of silver, steel, tin, or a peculiar alloy called specu- 
lum metal. As the light which falls on glass mirrors is 
intercepted by the glass before it is reflected from the quicksil- 
irered surface, a speculum, or a reflector of polished metal, is 
that supf)osed to be employed in optical experiments, unless the 

Uow iv the iiitHnitity ot light at dilfeieiit rtistaiices tioiu ibe rddiaut? 
'When U light said to be leflected ? Uow is the brightness of sl U^\ «x 
<liilei»atxli stances ? 

ExpiBin the distinction betiveM riittotb and s^cuVuim* 
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f conlrary is specified. Such a surface, indeed, is to beunder- 
I Mood when ihc word mirror is used without disiii»ction. 

The surface of the mirror or apeculuin may he either plane, 
concave, or convex, and ihe refleclor is denominated accordingly. 
Arayof light before reflexion is called iheiftrirfent ray. The 
angle made by an incidetil ray, al the surface of the reflector, 
with a perpendicular to that surfaci;, is called the angle of 
incidence : the angle made by the reflected ray with the sBHie 
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perpendicular is called tht 
gh ofr^fiexion. Thus, in Fig. 
102, if MN represents the re- 
I .fleeting surface, DC a perpen- 
I dicular to it at the point C, AC 
the incident, and BC the reflec- 
ted ray ; then ACD will be the 
angle of incidence, and BCD 
the angle of reflexion. 



' 481. Experiments on light are usually conducted in a room 
I which can be made dark wiih close shutters, one of which is 
' perforated with a circular hole, a few inches in diameter, for 
admitting a beam of light. This opening is rendered smaller lo 
any required degree by covering it with a piece of board or me- 
tallic sheet, having a smaller aperture. And, as the sun may not 
■hine directly into the shutter at ihe time required, a mirror is 
Bometimea attached to the outside of the shutter, so contrived, 
that by means of adjusting screws, it may be made to turn the 
rays of the aun into the opening, and to give them a horizonwl 
or any other required direction. The course of the rays is ren- 
dered palpable to the eye, by the illuminated particles of diul 
that are floating in the air. 

482. The angles of incidence and reficxion are in the torn 
plane and are equal to each other. 

Let aray of light AC (Fig. 102.) admitted into adark chamber 
\ U above, be incident upon a horizonial speculum MN at the 
Mini C, to which the line CD is perpendicular, am! let CB be 
i reflected ray. Then if the plane surface of a boanl, era 
riDeiallicplate, bemade lo coincide with the incident ray and the 
[ perpendicular, it will be found to coincide also with the reflected 
1 ray, showing that the three rays are in the same plane. Aptin, 
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if, from the point C, with the radius C A, a circle be described, 
on measuring the arcs subtended by the angles of incidence and 
reflexion, they will be. found to be exactly equal to each other. 
The angles of incidence and reflexion are also equal when the 
reflexion takes place from a concave or convex surface ; for the 
reflexion being from a point, the curve and tangent plane at that 
point coincide, and have both the same perpendicular, namely, 
the radius of the curve. 




R 



D B 



R 



Fig. 104. 
D 



Reflexion of Light from Plane Mirrors. 

483. When rays of light are reflected from a plane surface, 
the reflected rays have the p. jq« 
same inclination to one an- c A * ' H G 
other as their corresponding 
incident rays. 

When parallel rays, as 
AB, CD, (Fig. 103.) fall 
upon a plane mirror, as RS, 
the reflected rays, BG, DH, 
are also parallel. 

Moreover, when the rays diverge before reflexion, (Fig. 
104,) as RA, RB, they will diverge just as much after reflex-* 
ion, proceeding in the 
lines x\D, BC, which 
^ill appear to come 
from F, a point just as 
far behind the mirror as 
R is before it ; or if 
DA and CB be con- 
sidered as two converg- ^ 
ing rays, they will con- 
verge in the same de- 
gree after reflexion in 
the lines AR, BR, and 
will meet in R, a point 
just as far before the mirror as the point P, towards which they 
tended, is behind it. 

484. When an object is placed before a plane mirror, the tm- 
age of it appears at the same distance behind it, of the same mag" 
nitude, and equally inclined to it, ^_^ 

^'■■" — '■ ■ '■' ■■■ ■- ■■— »— ■l■■^l■, - I— ■ ' 
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, Let MN, (Fig. 105.) be a plane 
mirror, ami AB an objocl before it, 
theeyebeingsitualed at H. Now 
from every point in the object in- 
numeritble rays of light are con- 
Btanity emanating, which etriking 
Ott ati parts of the mirror, are re- 
flected off again in various direc- 
lions. All that is essential to vis- 
ion is, that a sufficient number of 
these should be conveyed to the 
eye. To avoid ihe confuson that 
vises Trom the representation of a 
great number oflinea, we will con- 
sider iftose rays only which flow from the extreme parts of tbff 
object ; the rays proceeding from the intermediate points will of 
course lie between these. From the point A, then, we may 
conceive ofa vast number of rays of light as proceeding lo sll 
parts of the mirror, from which they are reflected again' in van- 
ous directions ; but those only which fall upon the smaJl part 
of the mirror FG, namely AF, AG, are conveyed to the eye. 
These, therefore, are the rays which serve to make the point 1 
visible ; and since they come to the eye as though ihey diverged 
from the point a as far behind the mirror as A is before it, the 
point A win appear as though it were at a. For the same rea- 
800 the point B will be rendered visible by the rays /H, ^H, 
which appear lo diverge from 6, a point as far behind the mirror 
as B is before it. All the other points in the line AB will take 
their respective places in the tine ab, which will therefore form 
an exact image or picture of the object, aflecting the eye in the 
same manner as the object would do in its place. It is impo^ 
tant lo remember, that how many reftexinns soever light maf 
undergo in passing from the object to the eye, the image will St 
deiermineii as to posilion, magmlude, dfc. ly ihe manner in whiA 
the rays finally reach the eye ifttT ike last rcfiexion. 

485. When a plane mirror (as a common dressing glass) ia 
turned on its axis, the image revolves twice as fast as tht mirrar. 
By turning the mirror through 45^, the image is carried thraugb 
90°, so that a mirror set at an angle of Ab"^ with the horison 
lepreventfl horizoaial objects in a perpendicular position, and 
perpendicular objects on a. horizonral level. 
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486. When an object is placed between two parallel plane re* 
fiectors, a row of images is formed in each mirror^ appearing in a 
straight line behind each other to an indefinite extent. 

Let there be two plane reflectors, parallel to each other ; and 
let an object, a candle for example, be placed between them. 
An image of the candle will be formed in each mirror, as far be- 
hind it as the object is before it. Again, each of these images 
becomes in its turn a new object to the opposite mirror, and formn 
a corresponding image as far behind that mirror as it is itself 
before it, and thus the images are repeated in a right line until 
the light becomes too feeble to be visible. Thus, let AB, CD, 
(Fig. 106.) be two plane mirrors, and E an object between them ; 

Fig. 106. 
A C 



£ 



£ 



% 






D 

two images will be formed of E at E' and E' ; two more of E.' 
and E' at E" E'' ; and thus a succession of images will arise 
to an indefinite extent ; but since a certain part of the light is 
lost at every reflexion, each succeeding image is fainter than the 
preceding. The Endless Gallery is formed on this principle. 
It consists of a box, in the opposite sides of ;which are placed 
two parallel reflectors, and between them a number of images 
are placed, whiph are repeated in an endless succession. 

487. If an object is placed between two plane reflectors inclined. 
to each other, the images formed will lie in the circumference of a 
circle. 

The common dressing glasses which are mounted on ma- 
hogany frames, and turn on pivots fixed in the two ends, are con- 
venient for performing this experiment. Two such mirrors may 

When an object is placed between two parallel plane reflectors, what 
linages are formed ? Explain by the figure. What is the principle of the 
endless gallery f When an object is placed between two ylane mvit^i^ 
indiaMd to each other, what images are fuimed^ 
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be placeil side by Biile and a candle set between thera. When 
ihe mirroni face encli olher, that is, are parallel, an inilelinite 
Dumber of images of ihe candle may be seen in each miiror; 
but oil turning Ihe mirrors so as to bring iheir parallel edges il 
Ihe bottom near each uther, while the upper edges are lonied 
outwards, a circular row of images will be observed, the sireli 
continually enlarging as the mirrors are brought nearer to paral- 
lelism, and contracting more and more as ihe iuclinalioaoflht 
mirrors is increased. 

483. The degree of pErfeclioii in the polish and figure ofa plain 
speculum, may easily he known by observing whether Uie images 
seen in Hllpositions,especially in very oblique one:«, and from all 
pans of the speculum, appear exactly equal and similar to the 
objects ; that is, whether (he images {more particularly of the 
mosl distant objects) in the room, appear naturally, without hat- 
iug any part ofthem distorted ; when ihjs is the case, the specu- 
lum may he pronounced to be a perfect one. The slraighl edgtt 
of the window sashes are the best objects for this experim«il. 
A mirror must be exceedingly bad that wiH distort the fane ofl 
person looking into it, because the rays heing returned almost di- 
rectly back to the eye, smalt aberrations will not be rendered seB- 
sible ; but let two persons look at each Other's image as obliquet; 
as (hey can, and they will soon perceive whether or not the figui* 
oflhe speculum is defective. In all speculums, the better HieJ 
are polished, olher circumstances being the same, the brigbW 
will be the images ; that is, the more light an eye will recejn 
frmn a given object, which will enable us to examine the goodnw 
of speculums, as to iheir polish, wheneter we have an opporttnu- 
ty of comparing several of the same sort, and in the same liriil 
together. We may also observe that, other things being equsl, 
ihe darker the color ol'the speculum is, the better is Ihe polish ; 
for the glass itself can be no otherwise seen than by the refln- 
ions of those particles which have irrpgular positions wiA 
respect to the rest of the surface. Butdillerent glasses, ihou^ 
equally well polished, will not always appear equally daiiij 
generally, however the above rule may be observeil. 

r489. It is found by esp^rimpnt, that when a pencil of light 
V hincident p er pendicularly u pon ujiiffr, only 18 rays out of ]0W 

Huw luujF Lli<i iip.-ri<iji!Nt be |jBili>r.ner[ r Hon nitiy Uit degitu grpai- 
ftciion In t)i» [inlijli and S^ure of a plane minot he known ? Wbal li tte 
quality 0/ a nilrtDr thai dii torts Ihe Sane of a prrsmi lonklng directly into 
it? Hon' maylwo persona detect the ijuperleclionstif amiim bf laoliBC 
ateitch ather'i iroagea? What !• indicated bf ariaik cotoi in a mintttl 

iuu a prncll of lisht (tiU pei^iendicularlr an walei, how muiij il|a 

oflOOOanitieati'! 
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lected, while the greater part of the remahmif rayi bn 
lilted. Ab the aogle of inclination is increued, the pio- 
1 of rays reflected is also rapidly increased, ttU at an 
of TSi'l'the reflexion ia 211 rays,; at ^5°, 901; and at 69°, 

In glass 25 out of 1000 are reflected at a perpendicular 
nee 1 and the glass always reflects more light than water, 

reach very great angles of incidence, such as 87-}°, whea 
■■cis o;ily584 rays, while water reflects 614. 

Rejlexitm of Light from. Concave Mirrors, 

. The office of concave reflectora, in general, is to collect 
flight. Hence, when applied lo parallel rays, it makea 
^onveige to a focus; when applied to rays already coiiver- 
il makes them pj_, jqj^ 
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,' (which radias it must be remem> 
bered is always perpendicular to [he curve ;] then the various 
nsea will be as follows : 

Paralitl TayB,fe,fc, will pass 10 the other aide of the perpen- 
dicular and meet in F,* which is half way from the mirror lo 
its center C. 

Rays diverging from a point more remote than the center, Ac, 
Ac, making a less angle with the perpendiculars than the par- 
allel rays make, will also make a less angle on llie olher side 
of the perpeodicidars, meetiug in a, between the focus andtb* 
center. 

Rays diverging from the center Cc, Ce, will be reflected 
tnck to the center aga n 

If we now pass to he o I er a de of the center, we see that 
nys which diverge fon a po n b ween the center, and tbe 
Ibcus, as from a, con ge o a po n on ihe olher side of the 
center, as A, Hays d e gi f on he focus, go out parallel, 

nays that come to 1 e m iro n erging, as dc, de, meet ia 
a point between the focus and the mirror, as at D, and when di- 
verging from this point tliey return in the lines cd, cd, appearing 
to proceed from a point behind the mirror, as A', which is 
called the virtual focus. 

491. The following experiments, which may be easily re- 
pealed, will serve to render familiar the dilTerent modes in whieb 
images are formed by concave mirrors. See Fig. 1 07. 

We will suppose a lighted candle lo be placed very near to i 
concave mirror: — it will form no image before it because tht 
Tays go out still diverging, but we see an enlarged image of iha 
eandle behind th^ mirror. As the radiant is withdrawn from 
•the mirror towards the principal focus, the image wii] rapidy 
recede on tlie other side, and grow larger and larger unli! ibe 
tadiant reaches the focus, when the image will suddenly dis- 
appear. On removing the radiant a little farther, the imags 
will be found at a great distance before the mirror and very 
much enlarged. As the radiant approaches the center, the ira* 
Bge approaches it rapidly on the other side of it, constantly dt- 
tninishing in size until (hey both meet and coincide in the etx^ 
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ler. Removing the radiant still farther, the image appears again 
between the center and the focus, diminished in si«e, and slowly 
approaching the focus as the radiant recedes, but never reaches 
it, unless when the radiant may be considered as at an infinite 
distance, as in the case of the heavenly bodies. 

One who looks into a concave mirror sees his own face va- 
ried in the following manner. When he holds the reflector near 
to his face, he sees his image distinct ^ because the rays come 
to the eye diverging (which is their natural state with res^eet 
to near objects,j and enlarged, because, as the rays diverge less 
than before, the image is thrown back to a greater distance 
behind the mirror than the object is before it, and the-magnitode 
is proportioned to that distance. As he withdraws- the eye^ the 
image grows larger and larger until the eye reaches the foctw. 
From the focus to the center, no distinct image is seen, because 
the ravs- come to the eye converging, a condition imcompatible 
with distinct vision. At the center the ey£ sees only its own 
inoage, since the image is reflected back to theohject and coin- 
cides with it. Beyond the center, his face will bo- seen on the 
other side- of the center before the mirror (though habit may 
lead him to refer it to a point behind it«,) and it vi\\{\» dimity- 
islied, being nearer to the mirror than the object is, and inverted^, 
because an inverted image i& formed when the rays are brougfau 
to a focus, and this becomes the object which is seen by the 
eye»* 

492. Concave mirrors,, fn^ consequence of the property they: 
have of forming images ia the air, were in a less eidightened^age 
than the present, frequent^ employed by showmen for exhibit^ 
ing, surprising appearancesr The mirror was usually conceal*^ 
ed^ behind a wall, and the object, wduch might be asknll^.a 
dagger, &c. was placed between it and the wall and strongly 
illuminated. The ray» proceeding from the object fell npon 
the mirror, and were reflected by it through an opening in. 
the wall, and'brought to a focus so^aa to ibrra an.image in the- 
same room with the spectator. If a flne transparent cloud of 
blue smoke is raised,, by means of a- chafing- dish, around the 
focus- of a large concave mirror, the image of any highly illu- 
minated object will be depicted in the middle of it with greal 
beauty. A dish of fruit thus represented invites the spectator to 
taste^ hut the instant he reaches out his hand a drawn dagger 

presents itself. 

■ ' ■ -^ 

biaie the various appearances wheu oue holds a coucave mirror at. 
different distances. What use has been inad% %i tsswx^^ y^x%X3\%\s%. 
showmen ? By what means may a.diih o£ Ituvtba «xuVui^'^ \«^\««AtA»^v. 

* rAearpJfenameiis amj be all obserred with «a «dMa«n.*«»«K^ ^jKwost^fi"^ 
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3. Concave mirrors have been used as light house refiecttiri, 
s turning instrummts. When used in light houses, lliey 
e formed of copper plated with silver, and they are hammereil 
into a parabolic ftirni, and then polished with the hand. A 
lamp placed in (he focus of the paraboln, will have iia dirergoil 
light thrown, after reflexion, into something like a parallel beaa, 
which will retain its intensity to a great distance. 

When concave mirrors are used ibr burning, they are gen* 
ally made spherical, and regularly ground and polished upon* 
tool, like the specula Dsed in telescopes. The most celebraied 
of these were made by M. Villele, of Lyons, who executed fin 
large ones. One of the best of them, which consisted of coppct 
and tin, was very nearly four feet in diameter, and its focal length 
thirty eight inches. It melted the metals, as silver and cop] 
and even some of the more infusible earths. 

Burning mirrors, however, have sometimes been constrai 
■on a much larger scale by combining a great number of pi 
mirrors. It is supposed that it was a mirror of this kind whiJ 
Archimedes employed in setting fire to the Roman fleet under 
Marcellus, Atlianasiua Kircher, who first proved the efficacy 
■of a union of plane mirrors, went with his pupil Scheiner IB 
Syracuse, to examine the position of the hnstile fleet ; and tbef 
were both satisfied that the ships of Marcellus could not have 
been more than iliirly paces distant from Archimedes. 

Bufibn, the celebrated naturalist, constructed a burning qipi- 
ratus upon this priuciple which may be easily explained. Ht 
combined one hundred and sixty eight pieces of mirror, sii 
inches by eight, soihat he could by a little mechanism connected 
with each, cauae them to reflect the light of the sun apon on 

I«. Those pieces of glass were selected which gave ill* 
allest image of the sun at two hundred and fifty feet, 'Witli 
t hundred and flfty four mirrors, be was able to lire combiS- 
«s ax the distance of two hundred and lifiy feet, 



Refiexion of Light from Convex Surface 



494. TheofEceofaconvexreflectoris,ingeneral, to M^ 
vays of light. Hence, when applied id pataliel rays, it makrt 
them diverge, to diverging rays it makes them diverge mort, i 
«nd to converging rays, it makes them converge less, even U 

ElBK Ihe iiiB of concave mitiois in liglit home lefleclori. Ho* an 
«her MistfCted for burning |1>I9W« f How Here ihn huininj iiiirronof I 
Areliirain1«B eoinlfuciertf How "fre Ihnse of B"ffnn madef At wW ^ 

tirtanci coolH he set fiie to combusiibles? Cunc rz JUiriwi. — Wb^t^^ 
W geimral office of a coovti teBeciot ; ^M 
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Fig. 108. 



tQUch less, sometimes, as 
lo become parallel or di- 
verging. 

Thus, (Fig. 108.) the 
parallel rays AM, AN, 
flailing upon the convex 
mirror MN, are reflected 
to the other side of the per- 
pendicular, CE, C£, into 
the diverging lines MB, N 
B, which appear to come 
from F behind the mirror, 
^hich point is called the 
virtual focus. 

In like manner the 
diverging rays AM, 
AN, (Fig. 109.) are 
rendered more diver- 
ging than before, and 
appear to come from 
a point F nearer the 
mirror than the focus 
i>f parallel rays. 



495. When an object is placed before a convex mirror , the 
image of it appears nearer to the surface of the mirror than the 
object^ and of a Use size* 



c<- 




Thns, (Fig. 110} AB is seen by 
the eye at ah^ and the rays from ev- 
ery point in AB being rendered more 
divergent by reflexion, they will ap- 
pear to conie from a nearer object ; 
and since the extreme points a and 
(, are nearer to each other than AB, 
the image will be smaller than the 
object. 

Convex mirrors exhibit their pe- 
culiar properties in the diminished 
representation which they give of 



Fig. 110. 




Illustrate by the fii^ures. When an object ii placed before a convex 
mirror, vihert and how large it the imag e f Illusuvi^ b^ xb^ ^<^»%% 
"Why are conyex mirrors ufed for parloc i^aiiM^ 
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the furniture of a room ; an 
intereslLug and bpautiful ir 
Bucli mirrors fur parlor glas 



objects sometimes appear more 
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CHAPTER II. 



ut of one met^ium into another, it 
refraeted, according to the follow- 



ing law : 

Light, in passing out of a rarer into a denser medium, it 
refracted towards a perpendicular to that medium ; and in passing 
out oj a denser into a rarer medium it is rifracted from the per- 
jteadicular. 



Fig. Ill 



Thus if oi (Fig. Ill,) be the 
surface of a veaael of water, a ray 
of light AB, passing out of air (a 
rarer) into water (a denser medium) 
will not pass in the direction of BC, 
but will be turned towards the per- 
pendicular EB, and pass through 
the water in the line BD; passing 
out of water into air, it will be 
turned away from the perpendicular 
EF, and pass through the air in the 
direction of B.\. 



497. We see an example ofiheforegoingprinciple in the bent 
appearance of an oar in the water, the light of the part immersed 
(by which it is visible) being turned from the perpendicular, and 
causing it to appear higher than its true place ; for objects 
appear in the direction in which the rays of light emanating; 
from them finally come to the eye. In the same manner, ihe 
bottom of a river appears elevated, and diminishes the apparent 
depth of the stream. Persona have sometimes been drowned 
in consequence of venturing into water that appeared, from the 
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Fig. 112. 



aipparent elevation of the bottom, much shallower than it was. 
The following ancient experiment illustrates the same principle. 
If a small piece of silver be placed in the bottom of a bowl, 
and the eye be withdrawn until the piece of silver disappears, 
on filling up the bowl with water the silver comes into view. 

498. Transparent bodies differ much among themselves in 
refracting power. That is, some bodies have the power of 
changing the direction of 
light much more than oth- 
ers. Thus, when a ray of 
lightAN, (Fig. 112.) pass- 
es into water, it will be 
turned into the line ND ; 
if the medium be sulphur, 
which is denser than water, 
the direction of the light 
will be changed more, being 
refracted farther towards 
the perpendicular into the 
line NF; and if the medi- 
um be diamond, the change 
will be greater fitill. the 
refraction being in the line 
NH. 

Among different bodies, certain salts of silver and lead, the 
diamond, phosphorus, and sulphur, rank highest in refracting 
power; next come the precious gems, and flint glass, containing 
a large proportion of the oxide of lead, which has a refracting 
power considerably higher than crown glass, containing less 
metallic oxide ; to which succeed the aromatic oils. Among 
transparent solids, fluor spar is disitinguished for its low refracting 
powers ; but tabasheer, a substance formed from the concreted 
juice of the Indian bamboo, is more particularly remarkable for 
this property. 

499. Lenses, on account of their extensive use in the con- 
struction of optical instruments, require very particular attention 
in the study of Optics. They are of several varieties, as is 
shown in the following figure. 




water, 
•alphttr. 



diamond. 



Do different bodies refract differently ? Illustrate by the figure. What 
bodies rank highest in refracting power? What second and third.' What 
«ut>8tauces are distinguished for low refracting powen^ £«eiatA»— "^v^va 
<he varieties* , 
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A dauhle convex lens ( A) is » solid 
Ibrtnfnl hy two Begments of a spliere 
ipplied base to base." 

A plano-convex lens (B) 19 a lens "" 
having one of its sides ccrisex and 
the olher plane, being simply B seg- 
ment of a sphere. 

A dmtltls concave lens (C) is a solid bounded by two concsie 
Bpherical surfaces, which may be either equally or unequgllj 
concave. 

A plano-concave tens (D) is a lens, one of whose surfaces ii 
plane and the other concave. 

A menisctti (E) is a lens, one of whose surfaces is couvei mi 
the other concave, but the concavity being less than the convei- 
ity it takes the form of a crpsceni, and has the elTect of a comn 
lens, whose convexity is equal to the diSereoce between ibe 
ephericitiea of the two sides. 

A concavo-convea: tens (F) is a lens, one of whose surfaces ii 
convex and the other concave, the concavity exceeding the con- 
vexiiy, and the lens being, therefore, equivalent lo a codmm 
lens whose sphericity is equal lo the difference between the 
aphericities of the two sides, 

A line (MN) passing through the center of a lens perpeiidic 
nlar to its opposite surfaces, is called the axis. 

500. TAe office of a convex lens is to collect rays ofligk 
.Hence, when applied to parallel rays, it makes them convergei 
lo dive^ing rays it makes them diverge less ; and to converfin; 
rays, it makes them converge more. Moreover, with regard U 
diverging rays, the degree of divergence may be reduced M 
much as 10 render the rays parallel, or even to make them con- 
verge, which will depend boihon the position of the radiant and 
on the power of the lens. 

On the contrary, (At offici-, of a concave lens is to sEPARin 
rays of lighl. Hence, when it is applied to parallel rays, it 
makes them diverge; to rays already diveiging, it makes ihem 
diTerge more ; and to converging rays, it makes them converge 
"lesB, become parallel or even diverging. 
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501. With these general principles in view, we may now ad- 
vantageously investigate the manner in which images are formed 
by means of lenses. 

1. If we place a radiant, as a candle, nearer to a lens than itti 
principal focus, then, since the rays go out diverging, no image 
will he formed on the other side of the lens. 

2. If we place the radiant in the focus, the rays will go out 
parallel, b.ut will still not be collected into a distinct image. 

3. If the radiant is removed farther from the lens than its 
principal focus, then the rays will be collected on the other side 
of the lens, so as to form a distinct representation of the object. 

As this last case is particularly important, since it exhibits the 
manner in which images are formed by means of convex lenses, 
let us examine it with more attention. 

502. Rays of liglU diverging from the several points of any 
object, which is farther from a convex lens tlian its principal fucus, 
will be made to converge on the other side of the lens, to points 
corresponding to those from which they diverged, and wUlform an 
image. 

Let MN (Fig. 114.) Fig. 114. 

be a luminous object 
placed before a double 
convex lens LL. Now 
every point in the ra- 
diant sends forth innu- 
inerable rays in ev- 
ry direction, part of 
v^hich fall upon the 
lens LL. Each pen- 
cil may be considered 
as a cone of rays, having for its axis the straight line which 
passes through the center of the lens, which line suffers no 
change of direction, while those rays of the pencil which strike 
upon the extreme parts of the lens, form the exterior parts of the 
cone: all the others are of course included between these. It 
will be sufHcient to follow the course of the central and the two 
extreme rays. Let ML, MC, ML represent such a pencil. 
The two extreme rays will be collected by the lens and made to 
meet in the axis or central ray in some point on the other side, 

Formation of Iniao^s, — State the effects when a candle is placed nearer 
to a lens than the principal focus—nr in the focus — or farther than i\\<^ 
forus. State the proposition when rays faW v\\\o\\ \x\«v\%^\N«x^vw^iiwfik. 
M poiat be/oad the focm. Illustrate by lUe &|^u\e. 
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^H ss at m. For the game reason, every other point in llie object 

^H will have its correa ponding point in the image, and all ihes« 

^^ft points ofthti image taken together, form a true representatioti of 

^^1 the object. By inspecting the fignie, it will be seen ^Ht ihe 

^^P ties oral) the pencils cross each otherinlhecenler of thelem; 

^H that the image corresponding to (he (op of the object is carried 

^H to the bottom of the imnge, while that corresponding lo the bot- 

^V lorn of the object is the lop of the image, and, consequently, ihil 

^H the image is inverted with respect lo the object. It will be (ir- 

^H Iher seen, that alihuQgh the individual rays whieh make upi 

^H single pencil are made, on passing ibrongh theleiia, to converge, 

^1 yet the axes of all the pencils go out diverging from each other, 

^H which carries them farther and farther asunder, the farther the; 

^r proceed, before they come to a focns, Henee, the farther tit 

image is formed behind the lens, the greater will be Us diameter. 

The diameter of [he image will not be altered by changing tfie 

area of the lens ; for that diameter will he determined in all 

cases by the distance between the axes of the two pencils which 

come from the extremities of the object and cross eaeb other in 

the center of the lens. The size of the image, however, wiU 

be affected by changing the convexity of the ienj.while the object 

remains the same and al the same place. 

. 503. Rays proceeding from any radiant point, vihieh aren- 

\ fiacted by the different parts of the same lens, do not meet oceii- 

' rately in one focus, but their points ofrmeting are spread o 

' tieriaia space, whose diameter is calledtheayaERK;/^ A"""- ■ 
of the lens. 

Let LL be a pla- 
ne convex lens, on 
which are incident 
rte parallel rays RL, 
'• at the extrem- 

, ilie8,andH'L',R'L' 

I Hear the a:fis; the 

' uciswill proceed on 
Irithont any change of direction, and the rays which are »ny 
near to the axis, being aho nearly perpendicular to the refraiHr 
ing surface, sustain on}y a slight change of direction, sufficient, 
however, to colleci them into a lbc»s at some distance from the 
lens in the point F. BlI the rays RL, RL, meeting the refracl- 




'pehj 



Ibe Jens? Is the diamEiet uf the ima^e aflrci 

of the lens ? How by ulieiine '^^ cnntnily wl * 

ipoiiiiou respeclinE Jjrfiericol ahtttnluin. VOia« 
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ing surface more obliquely, are more turned out of their course, 
and are therefore collected into a focus in some point nearer to 
the lens than F, as at/. The immediate rays refracted by the 
lens will have their foci between F and/. Continue the lines 
L/ and L/, till they meet at G and H, a plane passing through 
F, perpendicular to the axis. The distance / F is called the 
longitudinal spherical aberration^ and GH the latitudinal sphef" 
teal aberration. 

It is obvious that such a lens cannot form a distinct picture 
of any object in its focus F. If it is exposed to the sun, the 
central parts of the lens L' m L', whose focus is at F, will form 
a pretty bright image of the sun at F ; but as the rays of the 
sun which pass through the outer part LL of the lens have their 
foci at points between / and F, the rays will, after arriving 
at these points, pass on to the plane GH, and occupy a circle 
whose diameter is GH ; hence the image of the sun in the focus 
F will be a bright disk, surrounded and rendered indistinct by a 
broad halo of light growing fainter and fainter from F to G and 
H. In like manner, every object seen through such a lens, and 
every image formed by it, will be rendered confused and indis- 
tinct by spherical aberration. 

If we cover up all the exterior portions of the lens, so as to 
permit only those portions of the rays which lie near the axis 
to pass through the lens, then the rays all meet at or very near 
to the point F, and a much more distinct image is formed ; but 
80 much of the light is excluded by this process, that the bright- 
ness of the image is considerably diminished. The dimensions 
of the image are the same in both cases. 

504. The Prism is an important instrument in Optics, espe- 
cially as it affords the means of decomposing light, and enters 
into the construction of several optical instruments. The trian^ 
gular prism is the only one employed in experiments, and of 
this nothing more is essential than barely the inclination of two 
plane transparent surfaces to one another. The optical prism, 
however, is usually understood to be a piece of solid glass, 
having two sides constituted of equal parallelograms, and a 
third side called the base. The line of intersection of the two 
sides is called the edge, and the angle contained by the sides, 
the refracting angle of the prism. A straight Ime passing 
lengthwise of the prism, through its center of gravity, and parallel 



What is the longUudifialf and what the latidudinal spherical aberra- 
tion ? What will be the effect of covering the exterior \ioctiQ^%^lvH\«\wi^ 
Prwm.— What is said of its importance? How \% ^^ \i\%x^^V«a "^^dcv^k 
0OB3tructed^ What is (bo refractinf^ angls \ 
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^H 10 ihe edge is culled the arts. A section made by a plane [rer- 

^H pendiculsr to the axis, is an iHosceles Irirtngle. Fre^umly, 

^^1 the three angles of the priam arc made equal to one another, 

^H Mch being f^O".* 

I' 




Figure 116 represeTita 
xseciionofa prism ABC, 
of which AB is the base, 
and ACB the rrfracting 
angle. DE is a beam of 
the sun's light railing ob- 
lique)^ on the first Hurfuce 
AC, where one portion ia 
reflected but another por- 
tion transmitted. The 
latter portion, instead of passing ilirBctly forward and forming 
an image of the sun at H, is turned upwan! towards the perpen- 
dicular ^p', meeting [he opposite surface CB in F, where iti* 
n turned upward from the perpendicular p'p in the direction 
FG, carrying the image of the sun from H to G, 



CHAPTER in. 



505. In tracing the course of rays of tight through a ^eft3C^ 
ng medium, we liave thus far supposed ibem to be homogene- 
ous, and to be all sITected in the same manner. EqI in nature 
the fact ia otherwise ; that is, 



TAesi 



's Ught consists of rays tohich differ in refrangibiUtf 



The glass prism, in consequence of the strong refraction of 
light which it produces, (see An, 504.) is wnll fitted for ex- 
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periinents o! this kind. We procure, therefore, a trinngular 
prism of good tlint glass, and having darkened a room, adraita 
Bun beam obliquely through a email round hole in the viodow • 
Bhuttcr. Across this beam, near the shutter, we place the 
prism, with its edge parallel lo the horizon, so as to receive 
the beam upon one of its sitlea. The raya, on passing through 
the prism, will be refracted and thrown upwards, as will be 
rendered evident by conceiving perpendiculars drawn to ihe 
surface of the prism at the points of incidence and emergence. 
If now we receive the refracted rays upon a screen, at some 
distance, they will form an elongated image, exhibiting the colors 
of the rainbow, namely, red, orange, yellow, green, blue, indigo, 
violet, together composing the prismatic speclTum. {See Fig. 
117.) 

Fig. 117. ■ 




S, a sun beam. 

F, a hole in the window shutter. 

ABC, the prism, having lis refracting angle ACB downwards. 
Y, a white spot, being an image of tlie sun formed on the 
floor before the prism is introduced. 

MN, the screen containing the spectrum.* 

A pleasing way of exhibiting the separate colors of the spec* 
tram, is to throw the prismatic beam on a distant wall or screen, 
flo as to form a long apeclrum, and into this beam, at some 
convenient distance from the prism, to introduce a concave lens 

DnscriDa the ninrie or fnrming iha prismHik ipecttum. llluilrsts b; 
the figu». What inrten ii uted la rscolva the image I 

• TheopjuHiir "Mlpwillrf pl»ittriirilnMii,iB»itmefliB^rgi«etf»«.-Bs»\jit 
Ik temo imj bu Baie at t liin ih«t oT ntuw p«wl -, V« n *Mnn»nA imaa *■ 
Arlmanraamli nude bf janfiu > lun ibntqCaiv*^ v»V«'BiitnB*w»i** 
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izc suflicienllo cover each ofihe tliflerent colored pencils 
Buccessively. The lens will cHuae Ihe rays or ihe 
lo diverge, and to fonii a circular image on the screen, which 
iguish ihem veiy striki ugly from ihe contiguous por- 
tions of the spectrum. 




^^m 506, If ral/s of Ihe same eolor in the prismatic beam be intt- 

^^K laird from the rest and made to pass through a second prism, lluy 

^^K are refracted as nsval, {the amount of refraction being different 

^H for the different colored rnys,) bat ihey widergo nofartlier etuap 

^^B of color. 

^H To perform this experiment, we provide a boird, perforated 
^H^ wilh a small round hole, and mounted on a stand. This screen 
is placed across ihe prismalic beam, a lillle way from the prism, 
in such a manner as lo ptrmii rays of the same color only to 
pass ihruugh the aperture while ihe oilier portions of the beam 
are intercepted. The homogeneous liglit thus insidated is made 
to pasB through a second prism, and its image is throwa ou the 
wall. The eiperiment will be more perfect, if the homogene- 
ous pencil be made lo pass through a second screen similar to 
the first, so as lo lei only the central rays fall upon the second 
prism. This second refraction produces no change of color. 
It will be found, however, that, while all other things remain 
the same, the several images formed of homogRueous rays will 
occupy different poBitions on the wall, ihe red being lowest and 
.tbe violet highest, and the intermediate colors arranged between 
them in the order of their refrangibiliiies, (See Fig. 118.) 




In addition to the parts of the fipire enumerated in Fig. 1 IT, 
DE represenis the first screen, which permits only one son of 
rays to pass by a small aperaiure at G, and d e represents a 
Becond screen, which permits only the central rays of this pen- 
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cil to pass by a small hok at ^ ; abcis the second prism, 
and M is the image of homogeneous light on the walL 

507. The light of the sun reflected from the first surface of 
bodies, and also the white flames of all combustibles, whether di^ 
red or reflected, differ in color and refrangihUity, like the direct 
light of the sun. 

The truth stated in this proposition was established by New- 
ton, by experiments with the prism, similar to those detailed in 
connexion with the preceding propositions. 

508. The sun^s light is compounded of all the prismatic colors 
mixed in due proportion. 

If we collect by means of a convex lens, the different colored 
pencils in the prismatic beam, just after they have emerged 
from the prism, (see Fig. 117.) the image formed by the lens- 
will be perfectly white. A concave mirror may be used instead 
of the lens, the image being thrown on a screen. Or the vays 
after they have passed the prism may be received on a second 
prism of the same kind, placed near the first, but with its re- 
fracting angle in the opposite direction. Tn this case the 8fr» 
cond prism restores the light to its usual whiteness. 

That all the different colors of the spectrum are essential to 
the composition of white light, may be rendered evident by in- 
tercepting a portion of any one of the colors of the spectrom 
before they have been re-united, as in the foregoing experiments* 
Thus, if we introduce a thread or a wire into any part of the 
prismatic beam between the prism and the lens, the image 
formed by the lens will be no longer white but discolored. If, 
instead of the wire, an instrument shaped like a comb with 
coarse broad teeth, be introduced into the beam, the discolors* 
tion of the image is more diversified, the colors of the image 
being those compounded of the prismatic colors, which are not 
intercepted by the comb. If the teeth of the comb be passed 
slowly over the beam, a succession of different colors appears, 
such as red, yellow, green, blue, and purple ; but if the motion 
of the comb be rapid, all these different hues become blended 
into one by the momentary continuance of each in the eye, and 
the sensation is that of white light. 

What other kinds of light differ in color and relractibiiity like the direct 
light of the sun? Of what is the sun's light compounded? How miL^ 
we restore the colors of the spectrum to the on%\nA\ >w\v\V%\ ^kx^ ^«».% 
it appear that all the coloi% of the spectrum aie «u«ia\«\\oNt\vVv.^>Su6^V-^ 
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509. For a similat reason, if the colora of the spectrum are 
paJLued on a top, in due intensity and proportion, and liie lop be 
set to spinning, the sensation will be that of white light. Ot 
the colors of tlie spectrum may be first laid on a sheet of paper, 
and this may be pasted on a cylinder of wood, which may be 
made to revolve on the whirling ubies : the result will be the 
same. Newton tried various experimenls with different colored 
powders, grinding logeiher such as corresponded as nearly u 
possible 10 the colors of tlie spectrum. By this means he was 
able 10 produce, from the mixture of seven different colored pow- 
ders, a greyish whitt, but could never reach a perfectly clear 
while, owing lo the difficulty of finding powders whose colors 
corresponded exactly to those of the spectrum. 

510. Stvernl of the colors of the spectrum may be producti 
hy the mixlure of other colors; as green by the union of yeUav 
and blue, orange by red and yellow, Sfc. Experiments were 
devised by Newton for thus combining the colors of two contig- 
tious speciruros, transferring, fur example, ihe blue of one lo llie 
yellow of the other, and forming green by their union. On 
causing this compound green, however, lo pass through the 
prism, it is resolved into its original colors, yellow and blue, 
whereas the green of the spectrum is not thus resolved by the 
prism. Hence Newton infers ihal ihe green of ihe spectrum is 
BOl a compound but a simple original color, and so of all the real. 

I, £lt. The knowledge of the composition of llghi, and of the 
ODperties of the solar spectrum, naturally lead loan inquiry inlo 
(he subject of colors, as exhibited in the phenomena of nature.. 
The bright tints of the rainbow, the splendid hues sometimes 
e;ihibLted by thin plates, as soap bubbles, and finally the divei- 
eified colors in all the kingdoms of nature, remain lo be account- 
ed for. Some of these we proceed to explain, but others are of 
nature loo iiitricale for the present work. 

The Rainboie* 

512. The rainbow, one of the most striking and magnificent 
*f the phenomena of nature, was long ago supposed lo be owing 

I rxpeiimenl wiih r Icip ot s cyliiiilfr,— nlsn NewtQii'i c»p*H- 
odiicE while liRht. How inoy imirmtual colon uf ihe rpK- 
rmed i In what rejpeci does ihe grecii of ilie specttoni itiSbr 
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To some modification which the light of the sun undergoes in 
passing into drops of rain ; but the complete development of the 
causes on which it depends, was reserved for the genius of 
Newton, and naturally followed in the train of those discoveries 
which he made upon the prismatic spectrum. 

The rainbow, when exhibited in its more perfect forms, con- 
sists of two arches, usually seen in the east during a shower of 
rain, while the sun is shining in the west. These arches are 
denominated the outer and the inner bow, of which the inner 
bow is the brighter, but the outer bow is of larger dimensions 
every way. The succession of colors in the one is directly 
opposite to that of the other. 

513. Drops of rain, though small, are large in comparison 
with the minuteness of rays of light, and are to be regarded as 
spheres of water, exerting the powers of refraction and reflexion 
in the same manner as large globes of water would do. It was, 
in fact, by investigating the manner in which globular glass 
vessels filled with water modify the solar rays, that the first 
hints were obtained respecting the cause of the rainbow. In 
the vear 1611, Antonio de Dominis made a considerable ad- 
Tance towards the theory of the rainbow, by suspending a glass 
globe in the sun's light, when he found, that while he stood with 
his back to the sun, the colors of the rainbow were reflected to 
his eye in succession by the globe, as it was moved higher or 
lower. 

Let us, therefore, in the first place, follow the course of a ray 
of light through a globule of water. Let SI (Fig. 119.) be a 
small beam of light from the sun, p. ^^^ 

falling upon the surface of a globule 
of water at I. Agreeably to what is 
known of the laws of light in passing 
out of one transparent medium into 
another, a portion of the ra3r8 would 
be reflected at I, and another portion 
would pass into the drop and be re- 
fracted to the farther surface at T. 
The same effect would recur here, 
and also at T', and at V" ; and were 
the eye situated in either of the lines I'R', P'R" or I'"R'", it 
would perceive the prismatic colors, because some of the rays 
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Rainbow, — Who first developed its true theory f Of what does it con* 
•ist ? How does tlie succession of colors in one con\v«a« 'wVv.Vw vV^^Vv^'^'^ 
other f State the ezperinMiits of Automo d« l>om\u\«« Y&^^t^\s^ >dM^ 
Hgure. 



which composed the heam of light that reached the eye wmU 
berefrairteil more than others, ?nd thus theiliSerenI colors wadd 
be maJc lo appear. Or if a screen were so placed as lo reeon 
these transmitied ravs, a faini spectrum would be formed Dpoft 
it. Such a progTPss ofa beam of light admitted ihronghlbB 
"window shinier, and made lo fall od a globtilar vessel of waU^ 
may be actually rendered visible by experiment. 

514. Ii may be remarked that but a comparatively small pnt 
of the solar rays that shine upon a drop of water, are re4}uir^ in 
order to produce the mild light of the rainbow, aided as its li^ 
is by the dark ground or cloud on which it is usually projecied; 
yel where the number of rays that enter the eye is diiainiBhed 
beyond a certain limit, the light becomes loo feeble for distinct 
Tisioii. It will also be observed, that a considerable portion of 
light is lost at each successive re^exlon that takes place wiihia 
the drop, so that a certain beam of light, conveyed to the ey< 
ader two relleKions, will be much more feeble than ihe sanw 
beam ader one reflexion. Indeed, so much of the sun's light 
is dissipated at the first point of rellexion from the interior 
surface, added lo what is transmitted at the same point, and of 
course never reaches the eye of the spectator, that, were it not 
for a great accnmutnfioa which the sun's rays ondergo at ■ 
particular point in this drop, whence the light is reflected and 
conveyed to the eye, the phenomena of the rainbow would imI 
occur. The manner in which this accumulation is eSected, ii 
now 10 be explained. 

515. Let/jEpj(Fig. 120.) be the seclionof a drop of rain, 
_fp a diameter, a b, e d, &,c. parallel rays of the sun's li^it, 
falling upon the drop. Now y f, a ray coinciding with lb« 
diameter, would suffer no refraction ; and a h,A ray near lo i/f, 
would suffer only a very small inclination towards the radiiiB, 
so as lo meet the remoier surface of the drop very near to pf 
but the rays which lie farther from y f, being inclined towardt 
the radius in a greater angle, would be more and more relracied 
as they were farther removed from the diatneter. The consa* 
quence would be, that afler passing a certain limit, the raystbit 
lay above that limit would cross those which lay below it, ari 
meet the further surface somewiicre heiweeii the diameter asi 
the ray which passed through the said limit; that is, all llw 
raya falling on the quadrant/a, would meet the circurafereocs 

How Jorge a pnrlinn of ths Mijlil Ih 
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Fig. 120. 




vrii\^\nihefirckp. 
But whenai^uan- 
tuy is approach- 
ing its limit, or is 
beginning to devi- 
ate from it, its va- 
riations are nearly 
insensible. Thus, 
when the sun is at y 
the tropics, being 
thelimits to which 
he departs from 
the equator, he 
appears for some 
time to remain at 
the same point. 
In the same man- 
ner, a great num- 
ber of the rays which lie contigious to e d, on both sides of it, 
will meet in very nearly the same point on the concave surface 
of the drop at k m. Consequently, a greater number of rays 
will be reflected from that point than from any other in the arc. 
Moreover, proceeding from a single point, they will emerge 
parallel, and therefore more of them will enter an eye favorably 
situated, than if they passed out diverging. On both these 
accounts, it appears that there is a particular point in a drop of 
rain, where the rays of the sun^s light seem to accumulate, and are 
therefore peculiarly fitted to make an impression on the organ of 
vision. It is found by calculation, that the angle which the 
incident and emergent rays, in such cases, make with each 
other, is, for the red rays, 42® 2', and for the violet rays, 40° 17'. 
These are the angles when the rays emerge ader two refrac- 
tions and one reflexion : in the case of two refractions and iroo 
reflexions, the angles are, for the red rays, 50® 59', and for the 
violet 54° 9'. 



516. Let us next consider what must be the position of the 
spectator in order that his eye may receive the emergent rays 
which make the foregoing angle with the incident rays, and 
which of course are those which cause the phenomena of the 
rainbow. 



What angle do the incident and emergent rays make witb each other 
in the case of the red and the violet rays lespectiveiy f Wha.Vfn.>x%v\A> 
tWpositioo of the spectator wkh respect to \h« tun^ 
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The speclator must stand with his back to ihe snn, and ate 
drawn from ike sun towards the how, so as to pass throagk *»r 
eye, will mak« the same angle mth the emtrgenl rayi thol tltf 
make mth the incident rays. Thus, let AB be the in<;ideiil and 




GI the emergent ray, and lei the angle which these two rajs 
make with each other be AKI ; and let IT be a ray passing 
from the sun towards the bow through the eye of the specialori 
then, (since the rays of the sua may be regarded as parallel,) 
AB and IT are parallel, and tlie alternale angles AKI and KIT, 
equal. But AKI is the angle made by the incident and emer- 
gent rays, and KIT the angle made by the emergent ray and i 
line drawn from the aun towards the bow through the eyeof 
the spectator. 

517. When the svn shines upon the drops of rain at tktytn 
falling, the rays which come from these drops to the eye ^ At 
spectator after one RErLBXiuN and two refactions, pradaei 
the innermost or primary rainbow ; and those rays which eomt U 
the eye after two BErLESiciNa and two refractions, proAw 
the outermost or superior rainbow. 

Let SOC* be a slraight line passing from the center of ihe 
sun through the eye of the spectator at towards ihe bow, 



Suie the pi 
■II vill beotoema 



rm3 thatUiF line SOC ^1 u. v\^\ wi^ u 'awslur oT (krMlHj 
uie of Uie bqiBk ^^^H 
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and let SR, SV, be incident rays, 
which, afler one reflexion and 
two refractions, are conveyed to 
tfie eye at 0, making (Art. 516.) 
wilh SOC angles equal to 
those formed by the incident 
and emergent rays. If OV 
makes with SOC an angle of 
40® 17', and be conceived to 
revolve around OC, describing 
the surface of a cone, all the S O C 

drops of rain on this surface will be precisely in the situation 
necessary in order that the violet rays, after two refractions 
and one reflexion, may emerge parallel and arrive at the eye in 
O, and this will not take place in the same manner in any 
part of the cloud ; so that by means of this species of rays, the 
spectator will see on the cloud a violet colored arc, of which 
OC will be the axis, and C the center. He will see, also, 
an infinity of other concentric arcs exterior to the violet, each 
one of which will be made up of a single species of rays; and 
according as these rays are less refrangible, their areas will be 
of greater diameter, so that the largest, composed of the extreme 
red, will subtend an angle ROC of 42° 2'. Therefore, the 
whole width of the colored bow will be 42° 2'-— 40° 17', or 1° 
45', the red being on the outside and the violet within. 

The contrary order of colors will result from two reflexions 
and two refractions. Let SV-, SR', be the incident rays, 
which after two reflexions and two refractions are converged to 
the eye at 0, making (Art. 516.) with SOC angles equal to 
those formed by the incident and emergent rays, namely 50° 59' 
and 54° 9', and the hues RO' and VO', as before, be conceived 
to revolve around SOC ; they will severally meet with all the 
drops, which having twice refracted and twice reflected the ex- 
treme red and violet rays, can transmit them to the eye. Be- 
tween these two arcs there will be others, exhibiting all 
the intermediate prismatic colors ; and the whole together will 
form a second bow, whose breadth will be 54° 9' — 50° 59', 
or 3° 10. 

518. The rays, therefore, which come from all the drops 
which make an angle of 42° 2' with a line passing from the sun 
through the eye (which may be called the axis of vision) appear 

Of how man}' degrees is the angle contained by lines drawn from the 
eye to the center and to the top of the bow i VfVi^xU \.\i« Vy^'Ccl ^\^^ 
ioaer and of the outer bow? 
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red; nnd it is otniousthatacolleclitniornjBdnvB aUnond 
this axis Trom ilie eye tu drops UiuseiuiMMJ w«mU fbrntacane, 
of which ihe drops ihemselres woukl coaMiuue d>e base, anJ 
of courec would (arm a circle. The sane i« line of all tit 
Other colors which emerge from drops at angka which aiedif- 
fereoi fur different colors but conaiaiii for the same eolar. 
Hence, (Ae line which passes from the sun through the rye vftKe 
tptelaeor, passes also to the center of the froic, or is the aiisef 
the cone of which the bow itselfii the base. If the son is on 
the horizoD, this axis becomes a horizoolal Itoe ; coosequCDilv, 
Ihe center of the arcli rests on the opposite borizon, and ibe 
bow it a semi-circle, of which ihe highest point has an aliiiuile 
above (he horizon of 42° 2'. If the sun is at ibis aliiiudeel' 
43" 2' above the horiaon, then the center of ihe bow will liavi 
the same depression below the opposite horizon, atid the cir- 
cumference, al its highest point, will jost leach the boriun. 
iWhen the sun is between these two points, the elevation of the 
bow wiLI be (he dilTereDce between the altitude of the snn and 
the foregcMng angle. 

519. When the spectator is on an eminence, as a high moim- 
lain, he may see more thun half the how, when tlie sun is near 
•eeting ; for the axis will in that case pass to a point above the 
opposite horizon. Travellers who have ascended very hi|h 
mountains, have occasionally observed their shadows projecled 
on the clouds below, with their heads encircled with minbows. 
In (his case, the axis passes to a point above the opposite hor- 
izon equal to or greater than the semi -diameter of the bow, so 
ihat the whole of the circumference comes into view ; and the 
eye of the spectator being in (he axis, the entire bow is pro- 
jected around thai as a center, upon the surface of the cloodi. 

Colors of Bodies. 

520. According to the Newtonian theory, the color of a 
body depends on the land of light which it refects. A great 
nu.mber of bodies are fitted to reflect at once several kinds of 
rays, and consequently appear under mixed colors. It may 
even happen that of two bodies which should be green, for ex- 
ample, one may reffect the pure prismatic green, and the other 
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the green which arises from the mixture of yellow and blue. 
This quality of selection, as it were, in bodies, which varies to 
infinity, occasions the different kinds of rays to unite in every 
possible manner and every possible proportion ; and hence the 
inexhaustible variety of shades which nature, as in sport, has 
diffused over the surfaces of different bodies. 

When a body absorbs nearly all the light that reaches it, 
that body appears black ; it transmits to the eye so few reflected 
rays, that it is scarcely perceptible in itself, and iis presence and 
form make no impression on us, unless as it interrupts, in a 
manner, the brightness of the surrounding space. 



CHAPTER IV. 

OF VISION. 

521. As a preparation for studying the optical structure of 
the eye, and the laws of vision, it will be useful first to learn 
in what way images of external objects are formed in a dark 
room, by light admitted through a hole in the window shutter. 

522. A beam of light from the sun, entering into a darkroom 
through a small orifice, and striking upon an opposite wall or 
screen, forms a circular image on the wall, whatever is the shape 
of the orif.ce. 

We will suppose the orifice to be comparatively large, as an 
inch in diameter, and of a triangular or of an irregular shape ; 
the image formed on the wall will still be circular. For, sup- 
pose the orifice to be reduced to a very small circular hole, ati 
a pin hole, (which may easily be done by placing over the ori- 
fice a metallic plate, as a sheet of lead, pierced by a pin,) then 
the rays of the sun passing through this small opening would 
of course be circular. But the large irregular orifice may be 
considered as made up of such smaller apertures, or the- me- 
tallic plate may be conceived to be pierced with an indefinite 
number of pin holes, and the entire image formed upon the wall 
may be conceived to be made up of an assemblage of all these 



On what does the color of a body depend.^ When does a body appear 
black i» '•^: 

Visiaf^jmaMfb the proposition respecting th« ^OTm?k.\\QtvK>^^\\\ccv'dLV^<^l 
the 9ua J/^Mi|f room ? Why is the image oT vYiQ &uvi qil ^Xia'w^^ ^\\^x\^ 
with diifereut shaped orjficei r 




images o{ the aun blended with each other, and 
bouudrd by innutuprable curre lines '"" 

compos eit of ill e individiial circlea. 

1 1* the screen be brougbi aear lu the 
orilice, however, ihe image wiU be of 
the Haine figure as the orifice ; Tor the 
rays after ihey have passed the orifice, 
must have diverged considerably be- 
fore Ihe seclioua that form the image 
shall .iffurd circles so large, that their 
blended circumferences shall compose 
a circular figure. (See Fig. 123.) 

If the plane which receiveB the image, be not parallel to the 
orifice, the imago will be elliptical, being the section of a cooe 
oblique to its axis. 

Circular images of the sun nre sometimes projected on the 
ground, thiougb the small openings among the leaves of trees. 
During Rn eclipse of the buu, these images copy the figure of 
Ihe eclipse. 

IFihere be variiius orifices near to each other, three, for ei- 
ample, through which a beam of the sun shines into a dark 
room, we shall observe at Brst, at a certain distance, three dis- 
tinct luminous circles. Al a greater distance, these three cir- 
cles begin to be blended, and finally, on eidarging sufficiently, 
they unite to form a single circle. 

523. If, instead of a heam of solar light, we adtnil into e 
dark room, through an opening in the shutter, the light refiecUi 
from various objects without, an inverted picture of these objects 
will he formed on tlie opposite wall. 

A room litled for cxhibiiing such a picture is called a Camt- 
ra Obsciira. 

From what baa been before espkined, it will be readily u 
deratood, that from every point in the object, innumerable rays 
of light proceed and fall upon the window shutier. Of these, 
however, none can enter the aperiiire except such as are very 
near lo each other, all others diverging too far to enter a smnll 
opening. ,Ii is essential to the distinilness of the picture that 
rays which proceed from every point in tlie object, should be 
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<;ollected into corresponding points in the image, and should 
«xist there free from any mixture of rays from any other point ; 
and it is essential to the brightness of the picture, that as many 
rays as possible should be conveyed from each point in the ob- 
ject to its corresponding point in the image. To render the 
picture distinct, therefore, the opening in the window shutter 
must be small, else the pencils of rays from different points 
will overlap each other, and confuse the picture ; but as the ori- 
fice is diminished, the brightness of the picture is impaired, 
since, in this case, a smaller number of rays is conveyed from 
the object to the image. 

These modifications of the picture according to the size of 
the aperture, may be easily exhibited by beginning with a cir- 
cular aperture two or three inches in diameter, and reducing 
its size gradually by covering it with a piece of board, or a me- 
tallic plate, perforated with holes of different sizes.* 

524. If J instead of passing through the naked orifice, the rays 

he received on a convex lens, an inch and a half or two inches in 

diameter, fixed in the window shutter, a very bright and distinct 

picture of the external landscape will be formed on a screen pla» 

ced at the focal distance of the lens. 

The image is brighter and more distinct than when formed 
without the aid of the lens, first, because the diameter of the 
lens may be so great as to receive and transmit a much larger 
portion of the rays which proceed from each point of the ob- 
ject, than would be compatible with distinctness, if so large a 
naked aperture were employed ; secondly, because the rays of 
each pencil are brought more accurately to a separate focus ; 
and, thirdly, because the picture being formed nearer to the 
window shutter, it is smaller, and of course the light, being 
spread over less space, is more intense. 

A convex lens fixed in a ball, is used for this purpose, which 
is so attached to the opening in the shutter as to be capable of 

What kind uf room io suitable for a camera obscura ? Ho^i* must it be 
fitted up? Slate the pinposition respecting the formation of the picture 
by the aid of a h-ns. Why is it brighter and more distinct? What is 
the scioptic ball ? 

* A small room, ten feet tqunre. for example, having: a window opening towards an 
unobstructed landscape, may easily be converud nito a eHmfra olwcura. The perfi»> 
ration in the shutter must be made equidistant from the sides of the room ; and from 
the aperture as h center, with a radius equal to the distance of the opposite wall, de- 
scribe an are of a circle, upon which as a base a new concave wall is to be constructed, 
finished with stucco. I'he other walls and ceiling are to be colored a dead black, 
while the concave wall, for receiving the image, is made as white at yoasibk. Ovi %jb^ 
mitUDg the %ht through an aperture half au lacU m ^aa&eVKi,«k\»eicav£>a^vQi^^Mi&aMX 
pUtuo! win beformtd oa the opposite wall. 





»'• MclB mmf ^Kf. «htte Ac i^ is a* *e sufe ef die 
e «Mniie ■» *e ifeaOB', ^ of ravie ^taadming (he 
timftou whicfe face Acwindbv, wc n^ fiirm, diher 
B Ac nd «r dK via(>ic Ul, > Tctj Miiking nd 
iHVof mend <*fK^ t^AiUf^ wk in its nli- 
■, af a sne aad higlwiwi winijiinriiBg to ils dii- 
ril the colon imi the ■«( Mkaie notHnt of ibe 
The mme ra m rr m tiaewrm, which i^ipropnalclf 
hdangi to nich a dntnber, n tita c n enJ ei t to eerorin boxes 
fa which Minilar ptdurea are famed, with pecidtar derices jbr 
wlmJBg the image end iiMead of in* etted. The atniciDre of 
time podable camera obscun*. may be dnciibed more paril- 
calariy anHMig other optical iisinini^ts. 

The eye is a camera obocara, and ibe analogy existina be- 
Iween iu principal pans, and ibe conirivances einpioyeil to form 
a fiicUire of eitemal objects, as in the prece^Jing ezperinieiils. 
Will appear rery striking oq comparison. 

625, The ETEconaisiB of three ^"E- "■*■ 

I principal cbHmberB, filled with me- 

JNr of perfect iransparcncy. The 

Ini Of these media, A, occupying 

the nnterinr chamber, is tailed^ 

llie Aqueous Humor, and con 

chiefly nf pure waier. The ceU 

in which the aqueous humor is 

eoniainod, is bounded, on its an- 
i' ttrior lide, by a strong, horny, and 
I Bdicaiely transparent coat, as, and 
rU called the cornea. 

I '* The posterior surface of the chamber A of the aqueous hii- 
L'feor, is limited by the /rif cc, which is a kind of circular opake 
I ilVrccn, consisting of muscular fibres, by whose contraction Or 

fiipnnsiDn An aperture in its center, called the pupil, ia dimin- 

flrhed or dilated according to the intensity of the light. In 
|»«ry strong lights, the opening of the pupil is greatly conCract- 
.0 Bs not lo exceed twelve hundredths of an inch in the 
_ 1, while in feebler illuminations it dilates to an opeo- 
il exceeding tweiity-Uve hundredths, or double its romier 
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, aud the (U(\,\. V{\tu c\v&Ti^i»&im4A^ 
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diameter. The use of this is evidently to moderate mid equal- 
ize the illamination of the image on the retina, which might 
otherwise injure its sensibility. In animals, as the cat, which 
see well in the dark, the pupil is almost totally closed in the 
day time, and reduced to a very narrow line ; but in the human 
eye, t)ie form of the aperture is always cu*cular. The contrae* 
tion of the pupil is involuntary, and takes place by the effect of 
the stimulus of the light itself; a beautiful piece of self-adjust- 
ing mechanism, the play of which may be easily seen by bring- 
ing a candle near to the eye, while directed to its own image in 
a looking glass. Immediately behind the opening of the Iris, 
lies the Crystalline LenSy B, enclosed in its capsule, which 
forms the posterior boundary of the chamber A. The figure of 
the crystalline leus is a solid of revolution, having its anterior 
surface much less curved than the postefior. The consistence 
of the crystalline is that of hard jelly, and it is purer and more 
transparent than the finest rock crystal. 

In the crystalline a very curious and remarkable contrivance 
is adopted, for overcoming or preventing the spherical aberra- 
tion that (Art. 503.) belongs to lenses of this form, which re- 
fract the rays more towards their marginal than near their cen- 
tral parts, and hence do not bring all the rays belonging to one 
pencil to the same focus. Here the difficuhy is obviated by 
giving to the central portions of the crystalline a proportionally 
greater densiit/, thus increasing its refractive power so as ex- 
actly to correspond to that of the other portions of the lens. 

The posterior chamber C of the eye is filled with the Vit^ 
reous Humor, Its name is derived from its supposed resem- 
blance to melted glass ; it is a clear, gelatinous fluid, very much 
resembling the white of an egg. Rays of light diverging from 
various objects without, on passing through the aqueous humor, 
(which is a concavo-convex lens) have their divergency much 
diminished, or even, in most cases, are rendered converging, 
and in this state are transmitted through the crystalline, which 
has precisely such a degree of refractive power as enables it to 
bring them to a focus at the distance of the retina, which, as a 
screen, is spread out to receive the image. The retina, as its 
name imports, is a kind of white net-work, like gauze, formed 
of inconceivably delicate nerves, all branching from one great 
nerve 0, called the optic nerve, which enters the eye obliquely 
at the inner side of the orbit, next the nose. The retina lines 
the whole of the cavity C up to it, where the capsule of the 
*• - — '■ 

Dfbcribe tUf. crysiaiiiiie lens. How is' ii ko cuiibiiuttied as tu pieveot 
spherical aberiatioa ? Describe the vlueous huuxox— \Vk« \^>ais%.— >^^^\r 
tic aen'0. 
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d in, ibc pigwte»twm mignuit, & 
cvien the dtwiad aMwhrane i 
b «Bd ■dl* aU the lighi which eoiers ibe eye aa ! 

e iu cttce of cxciiiop ihe reiina ; ilus pmeniia; in- 
\ relexioiki, and comequent conAuion of viskM. Tho 
kflf theae kmnon and men)braim arecoBtaincd tualhick 
I jBagk coat, called the tdcrotka, nhich niuiea with the coma 
■d fanv wlnt ia called the Kiue ofthety*. 

S6. Sodt, in g^nenl, is the «tnictore by whidi paralbinjt, 
^ lad those comins from very diataul objects, are bniu^ to a 
I | fcc M oa the ntiaa. 3ui there are sptcud tot*lntMiut*, auiled 
is particahrpuqmses. which arenoleas evipcive ofdesivflaad 
' "* ' a ihe genenl oi^uizatioa of the eye- Some of the 
M wiifcaUt of these we jHVceed lo meniiun. The cornel, 
■g.collcctt ihe rays of light that come to the rjc 
d gaides (hem into the eye, thus enlarging the range 
appendage to the microscope, vhich 
T be desciibed oiiider the name oiftld glass. The 
e eye-ball, by means of vhicfa the ptipit may be 
■ di&reat ditectioos, condaces to the same purpose. 
^ Botwiihsiandiog the minuteness of the aperture which 
B the light [and it must be small, otherwise the image will 
)Mit b« iBstiaci) the ere may lake in ai once, without marinj 
Ae head,! borixoolal range of 110° anil a teitical razigeoi 
ISO*, aamclr, 50" above, and 70 below a liorizontaJ line. 

£37. As the radiant approaches the tens, the image recedet 
fcmit oathe other side: (see Fig. 114 ;) and in our espen- 
■oMs aa the fonnatioa of images, we are obliged either to 
«faaB^ the place of the screen every time the distance of the 
nUant ia altered, or to substitute a new lens which will either 
throw back the image as much as the increased distance of die 
jadiani brings it forward, or which brings the image as much 
nearer ai the altered place of the radiant lenda to cany it oC 
How then is the distinctoeaa of the image maintained in the 
ithstauding the immense variety in the disi 



objecta ! Vi e can conceive of but 

be accomplished \ either by lengthening 






in which this can 
shortening ihe di- 
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Bmeter of the eye in the direction of its axis, so as to alter the 
distance of the retina from the cornea and crystalline, or by 
altering the cunratare of the refracting lenses themselves, in- 
creasing their convexity for near objects, and lessening it for 
object-s that are more remote. Perhaps both causes may ope- 
rate, but the effect is believed to be produced chiefly by the 
latter cause, namely, change of figure in the refracting len* 
«C8. On this subject. Sir J. Herschel remarks, that it is the 
boast of science to have been able to trace so far the refined 
contrivance of this most admirable organ ; not its shame to find 
something still conceaCled from its scrutiny ; for, however ana- 
tomists may differ on points of structure, or physiologists dis- 
pute on modes of action, there is that in what we do understand 
of the formation of the eye so similar, and yet so infinitely 
superior, to a product of human ingenuity, — such thought, such 
care, such refinement, such advantage taken of the properties 
of natural agents used as mere instruments for accomplishing 
a given end, as force upon us a conviction of deliberate choice 
and premeditated design, more strongly, perhaps, than any 
single contrivance to be found, whether in art or nature, and 
render its study an object of the deepest interest. 

528. Writers on comparative anatomy express the highest 
admiration of the adaptation of the eyes of different animals 
to the media in which they respectively live, and to the pecu- 
liar wants or habits of each. Thus the crystalline lens of the 
fish is formed with peculiar reference to the refracting proper- 
ties of water. In the human eye, this lens has a refractive 
power only a little greater than that of water ; but since the 
light passes out of a much rarer medium, (air,) such a density 
is sufficient to bring the rays to a focus ; but were the density 
of the crystalline lens in the eye of the fish no greater than in 
the human eye, receiving the light from a medium (water) al- 
most as dense as itself, it would be unable to give that change 
of direction to the rays which would be essential to distinct 
vision. But provision is made for this exigency by giving to 
the crystalline lens a much greater density, and of course a high- 
er refracting power, which enables it completely to fulfil its 
purpose. 

Animals which have occasion to see in the dark, as the owl 
and the cat, have the power of opening or closing the pupil to 
a much greater extent than man. By this means, they are 

What is said of the perfection of structuT^ \u \Y\e e>j*^, '^>a.'ftX^t.\Sv- 
Miitjr has the eye of a fish f Also of the cnX ot vVi« ov>V. 



enabled in the da/k to collect a. far greater number of rays nf 
ligbi. But aa eucIi aa expansion of the pupil would, in bruad 
duy light, eudanger the aalety of eyes of such peculiar delica- 
cy, the iria closet over ihe aperture and diminishes it with every 
increase in the .ntensity of the light, a change which ia iovtd- 
uatary on the part of the aiiimHl. In aniniala, as birds, which 
pounce upon their prey, the pupil of the eye is elongated per- 
pendicularly, while in those that rurnitiatc, as the ox, it is elos- 
gated horiioiitall}' ; being, in each case, exactly adapted to die 
circumstances of the animal. 

529. The images of external objects are of course formed 
invfTieii on the retina, and may be seen there by dissecting off 
the posterior coals oflhc eye of a newly killed animal, as aa 
ox, ajid exposing the retina and choroid membrane from behind, 
like the image on a transparent screen, seen from behind. The 
appearance is particularly striking andheauiiful when the eye is 
died tike the scioptic ball, in the window shutter of a dark 
room. It is this image, and this only, which is feli by the 
nerves of the reljna, on which the rays of light act as a stimu- 
lus ; and the impressions therein produced are thence conveyed 
along the opiic nerve to the sensorium, in a manner which we 
must rank at present among the profounder mysteries of phy- 
siology, but which appear to differ in no respect from thai in 
which the impressions of the other senses are traDsmitled. 
Thus, B paralysis of the optic nerve produces, while it lasts, 
total blindness, though the eye remains open, and the lenses 
retain their transparency ; and sonic very curious cases of half 
blindness have been successfully referred to an affection of one 
of the nerves without the other. On :he other hand, while the 
nerves retain their sensibility, the degree of perfection of vision 
is exactly commensurate to that of the image formed on the re- 
tina. In cases o[ cataract, when the crystalline lens loses its 
transparency, the light is prevented Irom reaching the retina, or 
from reaching ii in a proper state of regular concentration ; 
being slopped, confused, and scaiiered, by iheopakeor semi- 
opako portions it encounters in its passage. The image, in 
consequence, is either altogether obliterated, or rendered dim 
and indistinct. Ifiheopake lens be extracted, the full percep- 
lioa of lighl returns ; but one fwincipal instrument for producing 
the convergence of the rays being removed, the image, instead 
of being formed cm the retina, is fonned considerably behind 
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it, andlhe rays being received on it in a state of convergence, 
before they are brought to a focus, produce no regular picture, 
and therefore no distinct vision. But if we give to the rays 
before they enter the eye, a certain degree of convergence, by 
the application of a convex lens, so as to render the lenses 
of the eye capable of finally effecting the exact convergence of 
the rays upon the retina, distinct vision is the immediate result. 
This is the reason why persons who have undergone the operas 
tionfar the cataract, (which consists either in totally removing, 
or in putting out of the way, the opake crystalline) wear specta- 
cles unusually convex. Such glasses perform the office of an 
artificial crystalline. An imperfection of vision similar to that 
produced by the removal of the crystalline, is the ordinary effect 
of old age, and its remedy is tl^e same. In aged persons, the 
cornea loses something of its convexity, or becomes flatter. 
The refracting power of the eye is by this means diminished, and 
a perfect image can no longer be formed on the retina, the point 
to which the converging rays tend being beyond the retina. 
The deficient power is supplied by a convex lens, in a pair of 
spectacles, whicn are so selected and adapted to th6 eye, as 
exactly to compensate for the want of refracting power in the 
eye itself, and thus the rays are brought to a focus at the reti- 
na, where alone a distinct image can be formed. 

530. Near sighted persons have their eyes too convex, form- 
ing the image too soon, or before the rays reach the retina. Con- 
cave glasses counteract this effect. Rare cases have occurred 
where the cornea was so very prominent as to render it impos- 
sible to apply conveniently a lens sufficiently concave to coun- 
teract its action. Such cases would be accompanied with im- 
mediate blindness, but for that happy boldness, justifiable only 
by the certainty of our knowledge of the true nature and laws 
of vision, which in such a case has suggested the opening of the 
eye and removal of the crystalling lens, though in a perfectly 
sound state. Other defects of eye sight, whose cause has been 
ascertained to depend on mal-conformation of the cornea, or 
some other parts of the eye, have sometimes been remedied by 
adapting to them glasses of a peculiar construction, possessing 
optical properties adapted to the particular defects they were 
required to remedy. 
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How is cataract remedied ? Why do persons that have had the cata- 
ract wear very convex glasses f Why does old age require convex glasv- 
•af What it the defect of nearsighted persons? 

28 



531. Th* estimation of the distances and maomtodex ef 
elfjtcls is not dcpeadeiit on opiKal principlet atone, but lite infar- 
»ation afforded by Uie eye, is lakea m conntxion loilk various 
ttrcumslaitces that infivence lb* mind in juJgiitg ^ these parliat- 
lers. 

la the lirsl place, we judge of ihe tiislance of an object by the 
inclination of the optic axes, which is greater for nearer objecn 

and less for objecia more remote. But beyond a certain dis- 
tance, this method is very iiidpierminaie, since great intenali 
among remote objects would scarcely afTect the inclJnaiioD of 
these axes. In ilie second place, we judge of distance by the 
opfHirrnl magnitudr. nf known objects; as when a ship oflai^ 
Bize, or a high mountain, appears comparatively small, we refer 
it to a great distance. We are also ffequeully deceived in oor 
tstimateof distance when we are approaching large objects, u 
I great cily, or a lol\y mountain : we fancy they are nearer tbaa 
they actually are. In the third place, we estimate the distance 
of objects by the degree of [/isfincfncf j o/'f/teporfj', or brighlr 
nessefthe colors. Thus, a smoky mountain is referred to a 
great distance ;* a mountain whose sides are precipitous and 
bare (especally where the rocks have a new and fresh appear- 
Bsce in consequence of having been quarried for nse) appean 
nearer than the reality : vessels, or steam boats, seen through a 
misi in the night have sometimes run foul of each other, being 
supposed by ibe pilots to be much farther otT, in consequence if 
the iodisiinctnessof their appearance. In the fourth place, oor 
estimate of distance is allecled by the number of internetting 
objects. Hence, distances upon uneven ground do not appew 
BO great as upon a plain ; for the valicys, rivers, and other ob- 
jects that lie low are many of ihem lost to the sight. On ihia 
principle, the breadtii of a river appears Seas when viewed from 
one side than from the center ; a ship appears nearer than the 
truth to one unaccustomed to judge of distances on the water; 
and the horizomal distance of the sky appears much greater 
than tbe vertical distance, whence the aerial vanU does not pre- 
sent the appearance of a hollow hemisphere, but of such a lieoi- 

SiaiB the pto|in,hion respecting the maEiiiHiHeB and riitmncei of ofc- 
iecls. In *hfll eases is the vi<.ial aiiRlea measure of riiBianCB? WfcMi 
do -t! infer thai d liiiga ship is at a griral riistaiice? How ctowejudp 
of Ihe ilistaiite of moumaiusf Whui iiiflucncfi have inlBi^eniiu eb- 
jecls ; Give examples. 

* ''''''' VP"™'""'J'Wl" Hemie eolor rf the iinioipliefe. bemninK TUUe ia wm 
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[sphere much flattened in the zenith, and spread out at the 
horizon. 

532. A similar variety of circumstances affects our estimate 
of the magnitudes of bodies seen at different distances. First, 
the visual angUy that is, the angle subtended by the object at the 
eye, determines the size of objects that are near ; but it is 
scarcely any guide to the dimensions of remote objects, since 
all such objects subtend angles at the eye comparatively very 
small. Thus, on this principle, a fiy wiihin a few inches of 
the eye would apprar larger than a ship of war at some distance 
on the water. A giant nine feet in height, but thirty feet off, 
would appear no larger than a child three feet high seen at the 
distance of ten feet. But as this result is not conformable to 
experience, it is evident that we must have means of judging of 
the magnitudes of objects, besides that derived from the visual 
angle. If the giant were to remove from the distance of ten 
feet from ihe eye to that of thirty feet, his image on the retina 
would be only one third as long as before ; but, on the other 
hand, the distance is trebled, and the son of combination that 
takes place in us of the two impressions, the one of magnitude, 
the other of distance, is like the constant product of two quanti* 
ties, of which one increases in the same ratio as the other dimin- 
ishes ; whence the giant would appear constantly of the same 
height, at whatever distance from us lie was seen. 

533. This corrected result, however, we can make only in 
cases when we are familiar with the actual size of the body. 
When not thus familiar, we rely too much on the visual angle, 
and are thus often greatly deceived. A speck on the window, 
being at the instant supposed to be an object on a distant emi* 
nence, is magnified in our estimation into a body of extraordinary 
size ; (as a line half an inch long into a may-pole ;) or distant 
objects supposed to be very near appear to be of an exceedingly 
diminutive size. Secondly, the effect of contrast is visible in 
our estimation of the magnitudes of bodies, a given object appear- 
ing much below its ordinary size, when seen by the side of those 
of very great magnitude. Men quarrying stone at the base of a 
high mountain, sometimes appear at a little distance like pig- 
mies, partly from the effect of contrast, but more perhaps from 
the impression which the mountain gives us of their being nearer 

Stute the several waysofjudgin^ oftiie magnitudes of objects. Howfar^ 
it the visual angle a criterion. State the examples of a d^ i^wd ^ v.VJv^ ^\ 
war — of a child ami a giant. To what bodies doe%\.Vi\?>iu\'6^^\JV^X ^^V^x 
if tbee&ict ofcoatr&st.^ 
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than ihey aclually are. Thirdly, objects seen at a 
cons id era Illy above or below ua, as a man on lop of a spire, or a 
river in a deep valley seen from ihe top of a mountain, appear 
greatly diminished. In these cases, since there are no inlerve- i 
ning objects lo aid us in estimating the distance, we esiimatc 
it loo low, and hence (Art. 531.) the object appears less than At 
reality. Moreover, being seen obliguely, its apparent dimHi- 
sioits are diminished on this account, the apparent diameis 
being deierrained by the line into which the object is projected 
perpendicular to the object of vision. Hence, children jud|» 
much leas accuMtely both of distances and of magnitudes [Itim 
adults, and blind persons suddenly restored to sight have Dsuall/ 
displayed an utter iuabllity to judge of these particulars. 



CHAPTER V. 
OF MICROSCOPES. 



534. Tlie Mkrnscope is an opUeat 
he eye in the inspection d^hin'ute objects. 

Telescopes,on the other hand, assist the eyein theexaminatioD 
of distant bodies. These two iuitruinents have, probably, more 
than any-other, extended the boundaries of human thought, and 
no small part of the labor which has been bestowed upon the 
soience of optics, has had for its ultimate object their improve- 
ment and perfection. 

With the hope of making the learner we!! acquainted with the 
principles of the microscope, we shall begin with those varieties 
of the instrument which are the most simple in their construction, 
and successively advance to others of a more coinplicalGd 



335. The simplest microscope ia a double convex lens. This, 
it is well known, when applied to small objects, as the letters of 
A book, renders them larger and more distinct. Let us see in 
vhat manner these effects are produced. Whe^n an object is 
br ought nearer and nearer to the ey e, we finally reach a point 

uw h ilie tile or obj?Fls wlicn above or faelnw ui? JSicraicopa. 
Defiiip Ihe micioscnpp. Whi>' is Bsiil nfllw ulrlily gf llie micioscnpe and 
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within which vision begins to grow imperfect. That, point is 
called the limit of distinct vision. Its distance from the eye 
varies a little in difierent persons, but averages (for minute ob- 
jects) at about Jive inches. If the object be brought nearer than 
this oistance, the rays come to the eye too diverging for the 
lenses of the eye to bring them to a focus soon enough, that 
is, so as to make the image fall exactly on the retina. More- 
over, the rays which proceed from the extreme parts of the ob- 
ject, meet the eye too obliquely to be brought to the same focus 
with those rays which meet it more directly, and hence contri- 
bute only to confuse the picture. We may verify these remarks 
by bringing gradually towards the eye a printed page with 
small letters. When the letters are within two or three inches 
of the eye, they are blended together, and nothing is seen dis- 
tinctly. If we now make a pin hole through a piece of paper, 
(black paper is preferable,) and look at the same letters through 
this, we find them rendered far more distinct than before at 
near distances, and larger than ordinary. Their greater dis" 
tinctness is owing to the exclusion of those oblique rays which, 
not being brought by the eye to an accurate focus with the cen- 
tral rays, only tend to confuse the picture formed by the latter. 
As only the central rays of each pencil can enter so small an 
orifice, the picture is made up, as it were, of tlie axes of all the 
pencils. The increased magnitude of the letters is owing to 
their being seen nearer than ordinary, and thus under a greater 
angle, an increase of the visual angle having much influence in 
our estimate of the magnitude of near objects, though it has but 
little influence in regard to remote objects* (Art. 532.) 

536. A convex lens acts on much the same principles, only 
it is still more effectual. It does not exclude the oblique rays, 
but it diminishes their obliquity so much, as to enable the eye 
to bring them to a focus, at the distance of the retina, and thus 
makes them contribute to the brightness of the picture. The 
object is magnified as before, because it is seen nearer, and 
consequently under a larger angle, so that the eye can dis- 
tinctly recognize minute portions, which were before in- 
visible because they did not occupy a sufficient space on the 
retina. The power of a lens to accomplish these purposes, will 
obviously depend on its refractive power ; and this, (supposing 
the material of which the lens is made to remain the same,) 
will depend on its increased sphericity, and diminished foc^ 

To what is the greater distinctness owing — to what the greater magni> 
tude when objects are viewed through a ptu-bole I Uow dv«%>)(MiCAU'«teL 
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distance. Lenses of ihe smallest focal distance, therefbn^ 
other things being eqiial, have the greatest magnifying power, 
and, iherefure, spherules or perfect spheres have the higbett 
magnifying powt^rs of all. When ihe radiant is situated in die 
focus oi a lens, the rays go mil parallel. (Art. 301.) When 
thus received by the eye, they are capable of being brought to 
a focus by il, and of forming a distinct image. Heoce.by meaiB 
ofalens.an object may be seen distinctly when it is exceediug- 
lynearto the eye, provided it be situated in the focus of the lens. 
The magnifying power of a lens, therefore, depends on the ra- 
tio between its tucal distance and the limit of distinct fisiaa. 
The latler being five inches, a lens whose focal distance is one 
inch, by bringing ilie object five times nearer, magnifies its 
linear dimensions In the same ratio, and its superficial dimen- 
sions in the ratio of the square. Thus, in the case supposed, 
an object would appear five limes as long and broad, and hate 
twenty-five times as great a surface. Lenses have been made 
capable of affording a distinct image of very minute objects, 
when their focal distances were only ^ of an inch. In this 
case, the magnifying power would be as ^'j ; 5, which is as 
1 to 300, or as I W 90000 ia surface. 

537. When, however, an object is so near to the eye, a very 
minute space covers the whole field of vision, and it is only the 
minutest objects, or the smallest parts of a body, that are visi- 
ble in such microscopes. The extent of parts seen by a mi- 
croscope is called i]\e field of uieto. A microscope of small 
focal distance has a proportionally small field of view. More- 
over, since, when the object is so near to the lens, the rays of 
light strike the lens extremely diverging, only the ceni.ra! rayi 
of each pencil can be brought accnraiely to a focus. The more 
oblique rays, therefore, must be excluded by covering up all but 
the central portions of the lens, by which means the brigliinesB 
of the image is diminished. The part of a lens through whirb 
the light is admitted, is called its aperture. The aperture of » 
lens of small focal distance and high magnifying powers, moat 
of necessity be small, and one of the principal dillicnltieJ in the 
use of such microscopes, is the want of sufiicient light. Hence, 
microscopes of difierent focal distances are required for ditTer- 
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ent purposes. Where we wish to view a large field at once, we 
must use a lens which has a large field of view, and of course 
but comparatively small magnifying powers. Such are the 
glasses used by watchmakers and other artists. Microscopes 
which magnify but little, but afford a large field of view, are call- 
ed magnifiers or magnifying ghsses. Such are the large lenses 
employed for viewing pictures. But for inspecting the minute 
parts of a small insect, we require a much higher power ; and, 
the object being very small, a large field of view is not necessa- 
ry. The only difiiculty to be obviated is the want of light ; and 
this evil is remedied, either by placing the object in the sun, or 
by condensing upon it a still stronger light, by means of appa- 
ratus specially adapted to that purpose, which will be described 
hereafter.* 

538. Aqiiong the most distinguished achievements of philoso- 
phical artists, in our own times, has been the formation of mi- 
croscopes out of the hardest precious gems, especially the dia- 
mond and the sapphire. The diamond seems to unite in itself 
almost every desirable quality for this purpose. It will be re- 
collected that this substance is distinguished for its high refrac- 
tive powers ; hence, a given refracting, and of course mag- 
gnifying, power may be attained with a lens of less curva- 
ture, and consequently subject to less spherical aberration^ 
than glass lenses of the same power. Indeed, it is esti- 
mated, that the indistinctness arising from spherical aberra- 
tion, is in a diamond lens only ^th as great as in a glass lens 
of equivalent power. The sapphire has analogous properties, 
as also the garnet ; and pure rock crystal (quartz) is much es- 
teemed for refracting lenses ; but some of the pellucid gems are 
unsuitable fur this purpose on account of their possessing the 
property of giving double images. The comparative curva- 
ture and thickness of three lenses of the same refracting pow- 
er, made respectively of diamond, sapphire, and glass, are ex- 
hibited in the following diagrams. 

Fig. 125. 





Glass. Sapphire. Diamoud. 



What microscopes are called magnifying glasses r How is the want 
of light in large magnifiers^ obviated ? What is said of ihe diamond and 
sapphire microscopes ? 

• A eonrenient pocket mieroteope it sometimet wAd Vn\\v« iKffit^ *w««86wt 'JV 
tHde of ironr or horn, two or three inches in \engih, Vn '«Ya<\i%xe *«X^iM»* «ti*«» 
Jencef of different powen, adapted to variout purpweu 
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Since, a!ao, a diamond lens admits of being made much ' 
thinner ill an a gkaa lens ol'iLe same power, ilielosa of lighiby 
sbsorplioD is far less, and the brightness of the image is piopor- 
tionally augmented. 

539. Another disiiiigtiished and valuable properly oflhedia- 
tnotid is, that i[ combines with a high refractive, a low dispereivi 
potBcr. Hy dJBpersive power it will be observed, is meantlbt 
power of separating theclifierent colored raye^ that is, uf de- 
composing common light into its prismatic elemeuis. H^ace, 
diamond lenaes are naturally nearly achromatic, or aflbrd Jma- i 
ges which are destitute of color. But while these favorable 
qualities were known to appertaJD to the diamond, which, taken 
in connexion with its grrat transparency and purity uf structure 
were observed to fit it admirably for microscopes of great lung- 
nifying powers, yet the extreme hardness of the subslRiice 
seemed to render the difficulty of grinding it into the requisitd 
shape almost insuperable. This difficulty has, however, with- 
in a few yeara, been completely overcome by Mr. Pritehard, an 
eminent English artist, who has coustrucied a number of di»- 
mond and sapphire microscopes, whose performances hsve 
equaUed the most sanguine expectations. 

540. A drop of a transparent liquid may be easily converted 
into a magnifier, constituting a. Fluid Microscope. The siDi- 
plest kind of fluid microscope is formed by drilling a small hole 
in a plate of brass or lead, iind applying to it a drop of water 
from the point of a pin. If the plate be hollowed out on both 
Bides around the aperture, the water will spontaneously assume 
the shape of a convex lena. Water, however, possessing only 
a comparatively low refracting power, is less adapted to lhi» 
purpose than several other lluids, particularly ceilain transpa- 
rent balsams and aromatic oils. Sulphuric acid and caslor 
oil answer well, but turpentine varnish and Canada balsam are 
preferred, especially because aa they dry they become indnra- 
led, and fortn penmtnent microscopes. Instead of the apertnre 
in a metallic plate above described, a small plate of glass may 
be emfrioyed, in which case it is only necessary to d nip the 
varnish or balsam on the surface of the plate ; and it will as- 
sume the figure of a piano-convex lens. The power of the 
microscope may be varied by employing a larger or a smaller 

Wlint peculiar prnpei tie > liai Ihr diBmond Tut tlili piiipo^i;, in legud 
to sbtrrKllon. lirlEtiiucM. adiromiiic ()uii1itj, &c..' What <<ifficull} it- 
iilcrOHCOpas? How Bra fluid Brimi^ 
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drop, or by suffering it to spread itself on the upper or on the 
under surface, since the curvature of the drop, and of course its 
focal distance, is modified by each of these circumstances. 

541. The Perspective Glassic which is used for viewing 
pictures, affords another example of the apphcation of the sim- 
ple microscope. It consists of a large double convex lens fix- 
ed in a frame in a vertical position, from the top of which, on 
the back side, proceeds a plane mirror which is fixed at an an- 
gle of 45° with the horizon, and of course it makes the same 
angle with the lens. Pictures to be viewed are placed in an 
inverted position, (that is, with the top towards the spectator,) 
on a table at the foot of the instrument. The mirror, being set at 
an angle of 45° with the horizon, renders horizontal objects erect. 
(Art. 53.) Its office, therefore, is merely to give a proper direction 
to the rays of light from the picture as they enter the lens, caus- 
ing them in fact, to come to the lens in the same manner as they 
would do were the mirror removed and the picture set up in a 
vertical position, parallel to the lens, at a distance from the 
lens equal to the length of any ray, measured from the pic- 
ture to the mirror and from the mirror to the lens. (Art 
530.) Again, in order that the image may be erect, it is ne- 
cessary that the picture should be placed with its top towards 
the observer ; for since the image of every point in the picture 
is just as far behind the mirror as the point is before it, those 



parts of the picture which are 
designed to occupy the highest 
parts of the image must be farth- 
est below the mirror. This will 
be! understood from the following 
diagram. 

A A, a convex lens fixed ver- 
tically in a frame. 

BB, a plane mirror making B 
with the horizon an angle of 
45°. 

C, an object placed horizon- 
tally upon the table, the upper 
part being towards the observ- 
er. 

The object will be reflected 
by the mirror into a perpendi- 



Fig. 126. 




Perspective glass — describe it — How are the pictures placed? W'Vv^x 
is the o&ceof the mirror, and that of the \eika^ I>«%m\^^ 'wlx^xsk,^^ 
£gure / 
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colar position, and its rays will, therefore, fall on the lens 
ihe same manner as iliey would were it actually situated per- 
pend Jcularly, and no mirror were employed. Consequently, if 
the distance of C fram the lens he equal lo the focal distance 
of the lens, the rays will come to the eye parallel, and a dis- 
tinct and magnitipd image will be formed. 

When the glass is of good quality, and (he picture executed 
mgreeahly lo the rules of perspective, the various parts are el- 
hibiied in their natural positions, and at their relative distances, 
80 as greatly lo improve the view, The greater distinctness of 
the parts, and more natural distribution of light and shade than 
whfti lUtcnds the naked view, is owing not oiily to the increased 
magnitude and to the greater quantity of the light (■mitled fmn 
the picture^ ivhicli is collected by the lens and conveyed lo the 
eye, hut also to the separation of this portion of light from thai 
which proceeds from various other objects. The lens both 
conveys more of the light of the picture to the eye than would 
otherwise reach it, and conveys it unmingled with extraneom 
light. - The importance of the laiier circumstance is manifeitcd 
even by looking at the picture through an open tube, or throogb 
Ihe hand so curved a to form a lube. 

542. The microscopes lutlierlo examined are such as are 
designed to be interposed between the eye and the ulijeci lo be 
viewed, tlie laiier being placed in the focus of parallel rays 
of the lens, or a little nearer to the lens than that focus, solhll 
the rays of the same pencil may come to ihe eye either paralW 
or with so small a degree ofdivergency,ihitt the lenses ofihe eye 
shall be competent to make them converge and form an imnge 
oa the retina, in this case, as the rays come lo the eye iu the 
mine manner as rays from larger objects, at a greater distance, 
Been without the aid of a lens, the position of the object is not 
changed ; that is, it is seen erect. Single microscopes, how- 
ever, arc also employed lo fnrm amagnilied image on awAll or 
screen, which is seen by ihe eye instead of the object itSd£ 
Two celebrated instrnments, the Magic Lantern and the Sollr 
Microscope, magnify their objects in this manner, in the cm- 
struction of whicli the principles utider review are happily ex- 
emplified. 

543. From what has been already learned respecting leneea, 
flic follawing points will be readily comprehended, being Ibrte 
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most part a recapitulation of principles already explained and 
demonstrated. 

If, in a dark room, we place before a convex lens any lumi-« 
nous object^ as a candle, we shall observe the following phe- 
nomena. (See Art. 501.) 

1. If the radiant^ be placed nearer to the lens than its focus, 
since the rays will go out diverging, no image will be formed 
on the other side of the lens. 

£. Even when the radiant is in the focus, so that the rays go 
out parallel, they never meet in a focus, and of course never 
form an image.* 

3. But when the radiant is farther from the lens than its fo- 
cus, the rays converge on the other side, those of each pen- 
cil proceeding from the same point in the object, being ac- 
curately united in one point in the image, and occupying that 
point alone, without the interference of rays from any othet 
point. 

4. The axes of the rays from the extreme parts of the object 
cross each other in the center of the lens. Hence, they form 
an image inverted with respect to the object ; and, although the 
rays which make up any individual pencil are made to converge 
by the lens, yet the axes (which determine the magnitude of the 
picture) diverge from each other after crossing at the center of 
the lens, and hence the image is greater in proportion as it is 
formed at a greater distance from the lens. When the object is 
only a little farther off from the lens than its focus, the image is 
thrown to a great distance, and is proportionally magnified. 
As the object is separated farther from the lens (which may be 
effected either by withdrawing the object from the lens or the 
lens from the object) the image is formed at a less distance, 
and is of a diameter proportionally less. (See Art. 502.) Sup- 
pose now that we employ a magnifier of so small focal distance, 
that when the object is placed within one tenth of an inch of 
the lens, tlie image is formed on the other side upon a screen or 
wall at the distance of twenty feet ; the object will be magni- 
fied in the ratio of ^ to (20x 12=)240 ; that is, the image 
will be 2,400 times greater than the object in diameter, and 

Magic Lantern. Recapitulate the leading principles essential to an 
understanding of this instrument. When the radiant is nearer the lens 
than the focus, in the focus, and farther than the focns, where do the axea 
of the several pencils cross each other? Why is the image inverted? 
Why is it enlarged .' What is the magnifyinf( power when the distance 
of the focus is 1-10 inch, and that of the image 20 feet ? 

* It will be remarked, that when the tin|(le mienNooye \t wki^iavb. ti^^^MftV^i^ 
eye hielf hiiop Om; panJUd nyi to a focos and fbrna tbe u&mce. 
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5,760,000 limes grenter in surface. Il would seem, therefow, 
ns ir nothing more were necessary in order lo forin magiiiiiMl 
JiDBgeB of objecis, than a dark room, a convex lens, anil a 
screen or wall fur the reception of the picture. It must be re- 
marked, however, that when the light which proceetia from the 
object is (liBiised over so great a space, its intensity tnuEt be 
greatly diminished, so as to be either incapable ofaffordiDg ■ 
picture which shall be visible at all, or at leaat sufiicienlly 
bright for the purposes of distinct vision. This difficulty is 
Kmedied by illuminating the abject ; and it is for this purpose, 
that most of the contrivances employed in the magic lantern ' 
and solar microscape are designed. 



544. The M.iotc Lantern consists of a large tin canister, 
eiiher cylindrical or cubical in its figure, having an opening 
near the btiitom into which air may enter freely lo supply die 
lamp, and a chimney proceeding from the top and bent over bo 
ns to prevent the light of the lamp from shining into the roum. 
The lantern has a door in the side whichshuts close, the object 
being throughout to prevent any light from escaping into ilie 
room except what attends the picture. The room itself is 
made as i!»rk as possible ; or, what is better, the experiments 
Are performed by night. In front of the lantern is fixed a lai^ 
Itibe, at the open end of which is placed the magnifying letw. 
In the same tube, at a distance from the lens somewhat great- 
er than the focal distance, the object is iniruduceJ, which !■ 
nsuuEly some figure painted on glass in transparent colors, the 
other parts of tlie glass being blackened so that no light can 
pass through except that which falls on the object and illumi- 
nates it, by which means we shall have a luminous image pro- 
jected on a black ground. For illuminating the object, an 
argand lamp is placed near the center of the lantern, the 
light of which is concentrated upon the object in two ways ; 
first, by meaiis of a thick len?, usually plano-convex, so sit- 
uated between the lamp and the object that the rays which 
diverge from the lamp shall be collected and condensed 
upon the object; and secondly, by means of a concave re- 
flector situated behind the lamp, which serves a similar pur- 
pose. 
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A, the mag- 
nify tng lens. 

B, die ob- 
ject introduced 
through an ope- 
ning in ^e 
tube. 

C, the con- 
densing lens. 

D, the lamp. 

E, the coD- 

F, the image 
thrown on a screen, or a white wall, in a. dark room. 

a. a thumb-piece, by which ihe magnifier may be made to 
approach or to recede from the object, and thus the image be 
thrown to a greater or less distance, according to the magni- 
tude required. As the image is inverted with respect to the 
object, it is only neceeaary to introduce the object itself io aa 
inverted position, and the image will be erect. 

The objects employed in the Magic Lantern are very various, 
consisting of figures of men and animals ; of caricatures ; of 
representations of the passions; of landscapes ; and of astro- 
nomical diagrams. When the last are employed, this appa- 
ratus becomes subservient to a useful purpose in teaching as- 
tronomy, and is frequently so employed by popular lecturers oa 
that subject. 

545. The Solar Mtcrobcopg does not differ in princi- 
ple from the Magic Lantern, only the object is illuminated by 
the concentrated light of the sun instead of that of a lamp. 
And since a powerful illumination may thus be elfected upon 
minute objects placed before a magnifier of great power, the 
solar microscope is usually employed to form very enlarged 
images of the most minute substances, as the smallest insects, 
the most delicate parts of plants, and other attenuated objects 
of neural history. For magnifiers, several of different focal 
distances are employed, varying from an inch to the -^ or -^^ of 
an inch, it being understood, that those of the shortest focus and 
greatest magnifying powers can be used only for the minutest 
objects, since, when bodies of a larger size are brought so near 

Describe from ihe figurn. What objects are uied far lb« Magic Lao. 
tarn ! Solar MicTOicope, — Hon dous it illffer finm ilis Ma,f,ic Cuvvuv.''. 
Whatis ths aiie ofobJHCla usually employndAa ib\» taaUwiAaO. N^VU. 
<i» the utaai &cal diitaaca* of the laniei '. 
29 
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a email Icns^ thHr light strikes (be lens too obliquely Is be 
tranemilted througb it. Tbe mBgiiirying lens is fixed into the 
mouth of a lube, and ibe object placed near its focus, mucb io 
the same manuer as in the magic luntern ; but iostead of ibe 
body of the lantero (which contains the illuminating apparataa] 
a mirror, about three or four inches wide, snd from twelve 10 
eigliteen inches lung, is attached to ihe other end of the tube. 
This mirror is thrust through an opening in the window shut- 
ter of a dark room, and the mouth of the lube to which il ' 
fixed is secured firmly to the shutter, so that the mirror is 
tlie outside, and the tube with its lenses is on the inside of the 
shutter. By means of adjusting screws, the mirror is turaed 
in such a way as to direct the sun's rays into the tube, where 
they are received by one or more of the lenses, called concfimfcri, 
which collect them aod concentrate them upon ihe object, wlueb 
thus becomes highly illuminated, and capable of aflbtdingan 
image sufheiently bright and iliEtinct, though magnified maoy 
thousands or even millions of times. It will be obaerred, that ■ 
the magnitude of the image depends here, as in other cases of 
the simple microscope, upon liie ratio between the distances of 
the object and the image from the center of the magnifier. If, 
for example, the object be wiihin the tenth of an inch of the 
lens, and the image he thirty feel, or three hundred and sixty 
inches from it, then the image will be 360 x 10=3600 limes 
u large as the object in diameter, and [3600)^ = 12,960,000 
times in surface. With a given lens, the size of the image de- 
pends wholly on the diatancc to which it is thrown ; that il, 
on the distance of the wall or screen where it is formed.* 

546. When the solar microscope is well constructed, it af' 
fcrds the moat wonderful rcsulla, and greatly enlarges our con- 
peptions of the delicacy, perfection, and sublilityof the works 
©f nature. In inspecting vegetables, the eye is delighted with 
the regularity and beauty which characterizes the texture and 
intricate structure of plants and fiowers. The most delicate 
fibresof aleaf, the pores throuj^h which the vegetable fluids 
^rculate, the downy covering of plants and foliage, as ofcer- 
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tain mossefl, which is too minute to ilisclosc its figure to the 
naked eye, — objecta of this kind, when expanded under the 
solnr niicroBcope, asionish and delight us by the symmetry of 

their structure. Tlieir appropriate cohrs are not so well exhi- 
bited by this instrument, as by some other forms of the micros- 
cope to be described hereafter. In the animal liingdom, the 
eolar microscope extends the range of vision in a manner no 
less surprising and instructive. The niinuiest insects we are 
acquainted with, areexhibited to us as animals of the largest 
size, and ot^en of monstrous shapes, from the multiplicity of 
tiheir parts and apparent disproportion ; and animalcules, or 
those members of the animal creation which are too minute to be 
seen at all by the naked eye, are suddenly brought into life in 
countless numbers. The forms, the motions, and the habits of 
these beings, are among the most curious revelations of the so- 
lar microscope. The circulation of the blood may be seen in the 
fins of fishes and other transparent parts of animals, presenting 
a very curious and interesting spectacle. The crystallization 
of salts, which may be exhibited while the crystals are form- 
ing and arranging themselves, (as many of them do with great 
precision and symmetry,) is among the finest representations of 

Since the light is transmitted through the objects, it will of 
coursebeunderatood, that only such objects FUit3> 

as are transparent can be employed in the 
manner already described. In some varie- 
ties of the solar microscope, there are spe- 
cial contrivances fur exhibiting opake 
jecls by means of reflect^ light. 

547. When we form an image of an abject 
"with the single microscope, (as is done in 
^e magic lantern and solar microscope,) if 
that image is not too large, we may obvi- 
ously apply it to a magnifier as we would to 
an original object of the same size. This is 
the principle of the Compound Microscope. 

The Compound Microscope consists of 
at least two convex lenses, one of which, 
called the object-glass, Is used to form an 
enlarged image of the object, and the other, 

Doct Ihi) iiiitiiiment gtvo ■ nonri le^reKnistinn of Lhe colon nf ob- 
jnct* ■' Oancribe lhe tppearaiicet of SDimaJ objocti, of ilic ciicutaUonof 
the blood, ind of tha crista I [limian o[ «a\\«. Me i.\« a'o^etM ii»«».T 
loplo^eil tiaaiptreat or ophkt ; How may o5a1wo\^«o*^WwKvo«.v«'' 
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edled the eye-glass, ia used to mBg;Qify the image atilifi> 
Aer. 

* ThuB,let ab, (Fig. 128.) bethe object, being placed a little&r- 
tiier from the objecl-glass, ed, than the principal focui, tberays 
flf light emanating froni it will be collected on the other auie 
of the lens and furm an image, gh, whose diameter ia as much 
larger than thai of the object ae Its distance from the leoa is 
greater. (Art. 502.) Let rf be the eye-glass, which must be 
placed at such a distance from the image, that the latter shall 
Be in the focus of parallel rays ; then the rays proceeding from 
tiie image will go out parallel," and come to the eye, silBated 
behind tJie glass, in a state favorable for distinct vision. 

543, The mi/^i/yin^ power of the Compound Microaeope I 
is estimated as follows. First, the diameter of the image will i 
he to that of the object as their respective distances from the '. 
Sens. Secondly, the image is magnified by the eye-glass ac- 
cording 10 ihe principles of the single microscope, (Art. 536.) ' 
namely, from the ralio of its focal distance to the limit of dis- 
tinct vision. Thus, suppose the image is formed at ten limes 
the distance of the object ; it will of course be magnified tsn 
times. Again, suppose the eye-glasa has a focal distance of 
We inch, the limit of distinct vision being five inches ; the 
image will be farther magnified five times ; by both glasses, 
iherefore, the object will be magnified fifty times. If the first 
latio be that of one u> one hundred, then the instrument will mag- 
aify The linear dimensions five hundred times, and the surface 
,two hundred and fifty thousand limes. From this double magni- 
fying process, it might be supposed that, by means of the com- 
pound microscope, it would be easy to attain a much higher 
magnifying power than by the single microscope ; but this is 
not the fact ; for, in the first place, we cannot form an image of 
a size beyond certain moderate limits, without making it loo 
large for the eye glass lo cover; or, if an eye-glasa of veiy 
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large field of view be employed, its focal distance must be great, 
and consequently its magnifying power small. We are, there- 
£>re, unable to employ so high a magnifier for our object-glass 
as we may apply to the naked eye, and we can employ only a 
microscope of still inferior power for our eye-glass. 

549. On account ofthe necessity of using a large eye-glass 
to view the magnifie JRhage, compound microscopes require to 
have the tube which contains the glasses, larger towards the 
eye-glass than towards the object-glass. Although the com- 
pound does not possess higher magnifying powers than the 
simple microscope, yet it commands a much greater field of 
view. We view the image with the eye-glass in the same 
manner as we view the object with a single microscope ; but 
having already a magnified representation of the object, we have 
no occasion to apply to the eye so high a magnifier, and there- 
fore we may employ one of greater focal distance which 
consequently takes in a greater field of view. The field of 
view is still farther improved in some compound microscopes 
by interposing a field glass, which is a convex lens intro- 
duced between the eye-glass and the place of the image, and 
near the latter (as a little above gh, Fig. 128,j the effect of 
which is to diminish the divergency of the pencils of rays, and 
thus to bring into the range of the eye-glass those pencils 
which would otherwise diverge too much to fall within it. It 
has been before remarked that the cornea performs a simi- 
lar office for the crystalline lens of the eye. (Art. 526.) 

550. The Portable Camera Obscura, which is used 
chiefly for delineating landscapes, consists of a wooden box, 
(answering to the dark chamber. Art. 523.) with which is con- 
nected a convex lens, so exposed to the landscape as to re- 
ceive the rays of light from the various objects in it, and form 
a picture of them on a screen placed within the box at the 
focal distance of the lens. Such is a general description of 
the instrument, of which there are several diflferent forms. 
The following diagram represents a convenient form. 

ABCD, a box usually made of thin pieces of mahogany. 
a d,Si plano-convex lens, this form being preferred because it 
has less aberration than a double convex. 



Wbat rays are rendered parallel to each other? What shape has the 
tube of a compound microscopK f Why has it a greater field of view 
tlian the single microscope .' What is the field glass i* Describe the Fort- 
able Camera Obscura. For what purpose is it used? 

29* 
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ED, B plane mirror, turning on & 
lunge at D, and capable of being rais- 
ed or lowered, so as lo admit more or 
lees of ihe landscape. 

be, A piece of pasteboard, covered 
with a alieel of fine while paper, and 
beni ao aa 10 form a concave screen, 
Bud placed atihe focal distaace of the 
lens. A casting of sliicco, of the fig- 
of a concave portion of a sphere 
aSortIs the most perfect picture. 

The rays of liglii from entemal ob- 
jec Is, falling upon the mirror ED, are 
conveyed lo the lens in the same man nw 
as though they came directly from exier- 
^1 objects at the same distance behind 

the mirror. Passing through the lens, * ^ 

they are brought to a focus and form a picture of the landscape on 
" screen, which may be viewed by an opening in the side of 
the bos at F, and may be copied by a hand introduced into the 
box by an opening below. 

Although the image is inverted with respect to the objecis, 
yet as the spectator, in looking into the box, atanda with hit 
back to the landscape, the picture appears erect. 




CHAPTER VI. 



OF TELESCOPGS. 



551, The Teieseope is an optical inslrutticnt, designed to Bid 
the eye in vitwing distant objecis. 



The construction of this noblest of instnimenls, in its differ- 
ent forms, involves the application of all the leading principles 
of the science of Optics. The study of the Telescope is 
therefore the study of ihe science, and a distinct e; 



Explain lbs manner in which the imago i: 
ima^e appeal iuietUd^ lilvcBpei, — Uefiiic 
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the principles involved in it, will serve as a recapitulation of the 
most useful principles of Optics. The advantage which the 
student will derive from reviewing these points, as exemplified 
in their application, will justify us in bringing up distinctly to 
view various principles already unfolded. 

552. The leading principle of the Telescope may be thus 
enunciated : 

By means of either a convex lens, or a concave mirror, an 
image of the ohject is formed, which is vietoed and magmfied 
with a microscope. 

The most general division of the instrument is into Refract- 
ing and Reflecting Telescopes ; of which the former produce 
their image by means of a convex lens, and the latter by means 
of a concave mirror. The instrument, according to the uses to 
which it is applied, receives the farther denominations of the 
Astronomical and the Terrestrial Telescope ; and also Teles- 
copes are named, after their several inventors, Galileo's, New- 
ton's, Gregory's, Herschel's, &c. 

The Astronomical Telescope, 

553. We begin with this variety because it is one of 
the most simple, and because, in connexion with it, we 
may conveniently study the theory of the instrument at 
large. 

The Astronomical Telescope has essentially but two glass- 
es : these are usually fixed in a tube of brass, one at one end, 
and the other at the other end. The glass at the end of the 
tube which is directed to the object is called the object-glass^ 
and that at the end to which the eye is applied, is called the eyc" 
£lass. The object-glass is a convex lens which forms an 
image of a distant object, as a star, in its focus of parallel rays, 
and tlie eye-glass is a microscope with which we view the 
image, at a distance equal to its focus of parallel rays. Of 
course, the distance of the two glasses from each other is 
equal to the sum of their focal distances. See the annexed 
figure. 

r . ■ ■■ •■■,..,. -A ■ . ;■■■., '-g 

Enunciate it leading principle. What are the two principal kinds ' 
Specify the different sorts of telescopes. AtlronomiaU Telescope, — How 
faaoy glasses has it :' What is the object-glass, and what the eye-glasa i 
1/ybat office does each perform f 
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MN, object-glass. 
PQ, eye-gksa. 

A'D', AD, A"D", parallel rays from the top of the objacC 
B'U', BU. B''D", ■' " " cenier ditto. 

CD', CD, C"D", " " " boitoinditW). ] 

ha, inverted image formed in ihefocusof parallel rays. | 

ftPF, a pencil of raya, proceeding from the top of the image 
to tlie eye-glasa and rendert-d parallel. 
cKF, a similar pencil from the center. 
oQF, ditto the boiiora. 

F, point where the different pencils cross the axis. 

554. In this iqalrument we observe a striking resemblance la 
IheCompound Mitroscope. {Fig. 128,) In the loicroacope, how- 
ever, since the object is nearer tha lens than the image, the image 
is greater than the object ; but in the telescope, since the ob* 
ject is removed to a great distance, the image is formed mucb 
nearer to ihe lens than the object, and is proportionally smaller. 
Hence, Compound Microscopes have their Itibes enlarged in 
diameter towards the eye-ghss, while lelescnpea have iheir 
tubes diminished in that direction. Since the vertical angles 
Bt D, sublended on ilie one side by the objpoi, and on the olher 
by the image, are equal, were the eye aiinated ai the center of 
Ae object-giass, it would aee ihe object and the image under 
Ifae same visual angle, and consequently, buth would appear of 
Ae same magnitude, Moreuver, were the eye placed at the 
same distance from the image on the oihcr side of it, ii would 
be apparently of the same size as before, and therefore nf lbs 
ume apparent diameter as the object. But by means of ainic- 
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roscope, such as the eye-glass in fact is, we may view it at a 
much nearer distance, and of course magnify it to any extent, as 
was fully shown in explaining the principles of the simple mic- 
roscope. (Art. 536.) Hence the magnifying power of the tel- 
escope depends on the ratio between the focal distances of the 
object-glass and the eye-glass. If, as in the figure, the common 
focus is ten times nearer the eye-glass than to (he object-glass, 
the instrument will magnify ten times ; if one hundred times 
nearer, one hundred times ; and so in all other cases. Hence 
we may increase the magnifying pdwer of tlie instrument, either 
by employing an object-glass of a very small curvature, which 
throws its image to a great distance, or an eye-glass of high 
curvature and small focal distance. Suppose, for example, the 
object glass has a focal distance of forty feet, or four hundred 
2nd eigiity inches, and the eye-glass has a focal distance of 
one tenth of an inch, then tlie magnifying power of this instru- 
ment would be four thousand and eight hundred in diameter^ and 
the square of this number in surface. 

555. As the sphericity of the eye glass may be increased 
indefinitely, and its focal distance diminished to the same ex- 
tent, it would seem possible to apply very high magnifying 
powers in very short telescopes. For example,, suppose the 
local distance of the object glass is twenty-four inches ; by 
«ising a microscope of ^ of an inch focus, we have a power of 
two hundred and forty. But it must be kept in mind,, thai such 
•microscopes command only an exceedingly small field of view, 
and would, therefore, not enable us to see any thing more thaa 
a minute portion of an object of any considerable size ; and 
not sufficient light would be transmitted through such an aper- 
ture to answer the purpose of vision. 

Since the image is inverted with respect to the object, and is 
viewed in this situation by the eye-glass, objects seen through 
Astronomical Telescopes appear inverted. By the addition of 
aeveral more lenses, they may be made to appear erect, as will 
be shown in the description of the Day Glass, or Terrestrial 
Telescope ; but at every new refraction a certain portion of 
light is extinguished, a loss which it is important to avoid in 
instruments designed to be used at night ; while, in regard to 

On what ratio doet the magnifying power depend ? How may we in- 
crease the mHgntfying power ? Wluit would it be, when the object-glass 
has a focal distance of 40 feet, and the eye-glass a focal distance of 1-10 
Joeh ? Why can we not apply high magnifiers in very short telescopes ? 
JU9 objects seen by astronomical telescopes erect w Vn^^Wft^l >K^^ SskiSx 
jaot made erect by jiiCr«ducipg addUioatA \«nM«^ 
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wlcatial object*, it is mm amlid vheUwr they are aeen erect 
or iDveneil. The place fat the eye to liev the image with tbe 
beat aidtiuitage i* U F, where the pencils of parallel tap 



556. The di^tfabiMlobe orercome iathe constnictionofi 
perfect Refracling Telescope, (aome of which are very formi- 
dable,] are chiefly Uie following : I. Spherical aberratioa ; 3, 
Chromatic aberratioa ; 3. Wantof sufficient light; 4. WanioT 
A field of view aii£cienily ample ; 5. I m perfections of glaUi 
Each of iheee paiticulan we will briefly coiuider. 

557. Spherical aberration, it will be recollected, occaeioiu Id- 
diRtlnctness in Imnges formed by lenses, in consequence of the 
different rays of the dame pencil ntjt being ail brought to a focu« 
at the samepoint,ihose which fall upon the extreme parte oflbo 
lens being more refracted and coming to a focus sooner ihu 
those which are nearerto the axis, (Sfte Art. 503) The amoanl 
of this ^rror is found to depend on two circnmstaoces, ttamely, 
the diameter of the lens, or what is technically cdled it* oftr- 
tvre, mtA its focal distance, increasing rapidly as the apeittnvU 
increased, and dimtniahing aa the focal distance is iocrBaaedi; 
Small apertures and fiat or thin lenses are, therefore, mott fm 
from spherical aberration. But if we use small apertttres mi 
cannot have a strong light, which is a circumstance i>r the pcaf 
eel Importance in astronomical observations, since it is oflildH 
canHei)uence to enlarge the dimensions of an object if we Inn 
sol light eiiongh lo render it visible. Indeed, many astronai* 
ical objects, as small stars, are rendered visible by the telescope) 
not in consequence of any apparent increase of size, but » 
cause this insirument collects and conveys to the eye a imeb 
larger beam of light from them than would otherwise entw it I 
"While the diameter of the beam which falls upon the naked vft 

is only the fraction of an inch, that collected by the telescope 
may be several inches, or even several feet, according to ^e 
size of the instrument. Hence, the advantage of laige aper- 
tures is obvious. Again, we caimot wholly remedy the emx 
in question, though we may diminish it by using very flat len- 
aes which have great focal distances ; hut the tendency of this 
expedient Is to render the instrument inconveniently long. Otha 

Siaic the HifficuUiei lo be oreicome. Spheriral oberraKm-^wtM 
biiP On wbKt IWDclfcumalinceMloei'it depenili' What kind of apVf 

lA« UMof aiicli apatluretf V(^u'i<i>:ktaiaeQMiB\«i>c«<ifa^iH(vnf IM 
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pedi«nt8, therefore, become necessary for correcting spherical 
aberratioa in refracting telescopes. 

558. In the eye-glasses, which are liable to the same diffi* 
culty, where the lens has a great curvature, as is the case with 
such as have high magnifying powers, the aperture is necessa- 
rily reduced very much, by excluding all the light except what 
passes through the central parts of the lens. At least this is 
the case where glass lenses are used. But the microscopes 
made of diamond, sapphire, and other gems, have not only high 
refractive powers, but are less subject to spherical aberration 
than similar lenses of glass. 

But although eye pieces, on account of their small size, may 
sometimes be made of the precious gems, yet this can rarely be 
the case on account of the great expense attending them. It is 
obvious also that they cannot be employed for the object lenses. 
The most successful method of diminishing spherical aberra- 
tion in eye pieces of glass, is by a combinatiou of plano-con- 
vex lenses, by means of which a given refracting power may be 
attained with far greater distinctness than by a single lens of 
the same power. Thus, when two plano-convex lenses ar^ 
placed as in Fig. 131, it is found that the image has four times 
the distinctness of a dou- Fie. 131. 

ble convex lens of equiv- 
alent power.* Here F 

is a lens which would ^^-- / — >■ r 
bring the parallel rays to G "--^^ H\EJI> )■ " 
a focus and form the im- 
age at the distance of G ; 
but £ is another similar 
lens, which receiving them in a converging state, makes them 
converge more and come to a focus at H. The double convex 
lens D would do the same, but with much greater spherical 
abenation. It appears, indeed, that the spherical aberration 
may be wholly removed by combining a meniscus with a dour 
ble convex lens of certain curvatures. x 

559. In object-glasses, which, on account of their small cur- 
vatures, are not so subject to error from spherical aberration as 

What advantages have eye pieces made of diamond, sapphire, &c. ? 
How is spherical aberration diminished in eye pieces of glass f Illus- 
trate by the figure, 

• TbeSdoptfe Ball used in tbe eanoasliieva, C^^it. AA.^ia toRfiK&t&x*^ 
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eye-glaases are, ihe most advama^ous form is ihal of a Amblf 
convex lens of unetjual curvatures, the radii of the oppMJM 
surfaces being as one to six, [An. 504.) and ihe fiat side beui{ 
turned towards the praliel rays. 

In short, ii appears, that in order to avoid the errore arising 
from spherical aberration, in large leuaes, they mnst be m 
■a thin as convenience will permit ; that where it is practicBbli, 
they may be most advantageously formed of the precious genu, 
particularly the diamond ; tliat a plano-cunrex lens with it( 
convex side towanls tlie parallel rays has less aberration thia i 
<3ouhIe convex lens of equivalent power ; thai two plaoo-coii- 
vex lenses may be so combined as to have oiily one fuur^ " 
niucb aberration as the double lens, and a meniscus may be so 
united to a double convex lens as wholly to prevent aberraiian; 
Bod finally, that the aberration may be reduced to a very small , 
error simply by employing a double convex leas whose cur- 
vatures on the opposite sides are as I to 6. 

Since lenses having the curvature of one of the conic sec- 
tions are free from spherical aberration, Sir Isaac Newtoa 
ground an object glass into the figure of a paraboloid. Tliia 
was free from the error in question, but involved another still 
more formidable, since it decomposed the light and gave all 
image tinged with the colnrs of the rainbow. On observing this, 
Sir Isaac pronouticcd the farther improvement of the re/ractti^ 
telescope to be hopeless, and betook himself to exclusive effiirls . 
for improvino- the reflecting telescope. But the combined inge- 
nuity of philosophers and artists has nearly overcome this eirat 
also. 

560. The next difficulty, therefore, lo he considered, is th»l 
■which arises from the separation of the prismatic colore, in 
consequence of the different refrangibility of the different rays, 
an error which is called Chromatic Aberration. 

The general principles of Chromatic Aberration, will b« 
readily comprehended fay calling to mind, that distinct images 
are formed only when tlie rays of the same pencil which flow 
from any point in the object are collected into one and the same 
point in the image, unmixed with rays from any other point ; 
that the prismatic rays which compose white light have seve- 
rally different degrees of refrangibility, some being more turned 
out of their course than others, in passing through the Sana 
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nedium ; that, consequently, the different colored rays of the 
lame pencil would meet in different points, each set of colored 
rays forming its own image, but all these images becoming 
blended with one another, would thus compose a confused, color- 
ed picture. 

To illustrate these Fig. 132. 

principles let LL be a p ^ ^ 
lens of crown glass, and 
RL, RL, rays of white ^ 
light incident upon it, par- 
Rllel to its axis Rr. Let ^ 
the extreme violet rays be 
refracted so as to meet 
the axis, in v ; then the extreme red will meet the axis at some 
point more distant from the lens, as at r. Cv and Cr are the 
focal distances of the lens for the violet and the red rays res- 
pectively. The distance vr is the chromatic aberration, and 
the circle whose diameter is ab^ which passes through the fo- 
cus of the mean refrangible rays at o, is called the circle of least 
aberration. 

561. Tt is clear from these observations, that the lens will 
form a violet image of the sun at v, a red image at r, and ima- 
ges of the other colors of the spectrum at intermediate points 
between r and v ; so that if we place the eye behind these im- 
ages we shall see a confused image, possessing none of that 
sharpness and distinctness which it would have had if formed 
only by one kind of rays. 

The separation of white light into its prismatic colors, is 
called Dispersion; and the comparative power of effecting this 
separation possessed by different media, is called the Dispersive 
power. The dispersive power is measured by the ratio which, 
in any case, the separation of the red and violet rays bears to the 
mean refraction of the compound ray. Thus, if a ray of solar 
light on passing through a lens, is turned out of its origional 
direction 27°, and the red and violet rays are separated from 
each other 1°, then the dispersive power is said to be ^, which 
is usually expressed in the form of a decimal fraction, .037=^. 

662. Different bodies possess different dispersive powers. 

The dispersive powers of a few of the most important sub- 
stances in relation to the subject before us, are exhibited in the 

following table. 

«■ - 

lUustnitc by the figure. Drffiiie Dispersion, «Ltvd Du^iw^'^*' 1^^^">**' 
What 18 meant by saying that the dtspeciive p^vuei \% V^1>^^* 
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0,139 


Plate Glass, 


0.032 


0.130 


Sulphuric Acid, 


0.031 


079 


Alcohol, 


o.m 


0.052 


Rock Ciyatal. 


O.0S6 


0.043 


Bine Sapphire, 


0.036 


0.038 


FIuQr Spar, ' 


0.D22 


0.036 







Oil or Cassia, 

Solphuret of Carbon, 

Oil or BiUer Almonda, 079 

Flint Glass, 

Muriatic .\cid, 

Dininonil, 

Crowu Glass, (green,) 

From ihis lable it a|)pears, that the transparent subslances 
which ha^e the highest dispersive power, are the oil of caasia 
aud the eulpburec of carbon,* both or which fluids have been 
made to perform an important service in ihe construction of 
achromatic telescopes ; that flint glass, as tbat used for deean- 
lets, has a much higher ilispersJve power than crown glass, or 
Aat which is analogous to window glass ; tbat the diamond has 
a low dispersive power, but is exceeded in ibts by rock crystal, 
Itae sappliire, and flour spar, which last bodies have the least 
dispersive power of any known subsiauces. 

563. With these facta in view, we may now inquire bj/vhai 
muans Ike ohjeel glass of the telescope is rendered achromaiie. 

If we place behind LL (Fig. 132.) a concave lens GG of 
the same glass, and having its surfaces ground to the same cur- 
Talure, such a lens having properties directly opposite to those 
ef the convex lens, will neutralize its effects. Consequenlly, 
the rays which were separated into their prismatic colors by the 
convex lens will be reunited by the concave lens, and reproduce 
white hght. But though such a combinalion of the two lenses 
will correct the color, yet it also destroys the power of the 
GAnvex lens to form an image, on which its use solely depends, 
Could we find a concave lens which would correct all the col- 
nd yet not destroy this refracting power, the two lenses 
would evidently form the achromatic combination sought for. 
Kow this is what is actually done: by making the ctnicave 
ItDS of a substance which has a higher dispersive power than 
ifcan that of which the convex !ens is made, the curvature of the 
concave lens will not need to be so great as ibal of the convex 
'itens, and of course the two together, constituting the compound 
lens, will be equivalent in refracting power to a single leas. 
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whose convexity is equal to the difference of their curvatures. 
The most common combination is that of flint glass with crown 
glass, the concave lens being made of flint glass, and the con- 
vex of crown. By the table in Art. 562, it will be seen that 
the dispersive power of flint glass is 52 while that of crown 
glass is 36, which numbers are nearly as 3 to 2, and these num- 
bers, therefore, may be employed for the sake of illustration. 
Since the power of the concave lens to reunite the prismatic 
rays is so much greater than that of the convex lens to separate 
them, we shall not require a refractive power to effect this 
equivalent to that of the convex lens ; that is, a concave lens of 
less curvature and proportionally greater focal distance, will 
serve our purpose. Therefore, 

An achromatic lens is formed hy the union of a convex and a 
concave lens, whose dispersive powers are respectively proportion^ 
al to their focal distances, 

564. A telescope furnished with an object glass thus formed, 
is called an Achromatic Telescope. The spherical aberration 
being corrected by the methods pointed out in Art. 557, and the 
chromatic aberration being destroyed in the manner above de- 
scribed, the Refracting Telescope becomes an instrument of 
great perfection, and is reckoned among the greatest works of 
art. Until recently, it was rare to meet with Refracting Tele- 
scopes of an aperture of more than from three to five inches; 
for we have already seen that the errors of spherical and chro- 
matic aberration increase rapidly as the size of the aperture is 
augmented. 

565. If it be asked, what is the use of a large aperture, since 
the magnifying power does not depend upon the diameter of the 
object-glass, but upon the ratio between the focal distance of 
the object-glass and the focal distance of the eye-glass, (Art. 
554.) we answer, that the use of a large aperture is to admit, 
condense, and finally convey to the eye, a larger beam of light, 
and thus to render many objects, as the smaller stars, or Jupiter's 
belts, visible, which otherwise would not be so, on account of 
the feebleness of the light which they transmit to us. Want of 
light is in fact one of the greatest difliculties that the telescope 
has to contend with ; for, in the first place, the object-glasses 
of most telescopes are comparatively small, and are necessarily 
.— — , 

Of what substances are the two lenses made ? ^\.?t.\.^ \\\^ V'^^'^^^svCv^w. 
'Whatis said of the perfection of the ach(omii\.\c \e\«%c.o^^\ X^^ii&X v^ ^isift 
use of a Jar^e aperturts f What is said cf want o/ liglil t 
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so on accoont of the difficulty or procuring suitable glass (at 
those or a larger siie ; and in theaecond place, of ihelighlad- 
mitted through the objecl-glaas, a greai proportion la iniettept- 
ed and wasted in various ways, many iusirumcnta being ableio 
save only the central rays without rendering the image indistinct 
and colored. Thus, when very high magnifiers are applied, 
;(Hhich of course have very small focal distances,) the ntys pro- 
ceed from the fucus and fall upon the microecope so obliquely, 
that only tlioae which pass through the central parts of the letw 
tan be saved, since such as fall upon the marginal pans of the 
teas are too much alTected by spherical and chromatic abem- 
tion, to form with the others a distinct and colorless image. 

566. Wani of feld of view is another difficulty to be sur- 
'Mounted. When we use an object-glass of short focus wilb a 
)agh magnifier, the microscope must have a fucua proportioaally 
»hort, ami of course the field of view will be very limited and 
the light but feeble. This difficulty may be obviated by using 
an object-glass of very great focal distance. If, for example, 
the focal distance of the object-glass were only 12 inches, in 
order to attain a magnifying power of 130, we must employs 
microscope whose focal distance is only -jJjth of an inch. But 
if thefocal distance of the object-glass were 10 feel, or 120 
inches, then our microscope might have a focal distance of 1 
Inch, which would give a larger field and a stronger light. Wilb 
4he view of obviating several oflhe foregoing difficulties, tbeear- 
lier astrouomera who used the telescope, employed for tiicir oto- 
■ ject-glasaes lenses whose focal lengths were very great. Casaioi, 

a French astronomer, constructed telescopes eighty, one hnn- 
dreil, and one hundred and ihirLy-six feet long ; and Iluygeos 
employed such as were nearly the same length. The tatter 
aetrononier dispensed with the tube, fixing his object-glass, 
contained in a short tube, lo the top of a high pole, and forming 
ihe image in the air near the level of the eye, which imagehe 
»iewed with an eye-glasa, as usual. With telescopes of this 
Ascription, several of the satelhtes of Salum were discovered. 

567. But one of the most firmidable difficulties hitherto en- 
countered in the construction of large Refraoling Telescopes, 
4as arisen from the itnperfections of glass. When Dollond (the 
English artist who first perfected the Achromatic Telescope,) 
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engaged in the manufacture of his instruments, he fortunately 
had possession of a considerable quantity of very fine glass ; 
but when that was used up, no more of equal quality could be 
obtained in England.* On the continent, however, one or two 
celebrated artists have been more successful. The most dis- 
tinguished manufacturer of optical glafs was M. Guinand of 
Switzerland, who died in 18^3. He greatly excelled all his 
predecessors or cotemporaries in fabricating large masses of 
perfectly homogeneous glass. But even he could produce 
disks of twelve or eighteen inches in diameter in no other way, 
than by selecting the pucest specimens of smaller pieces, aud 
joining them together. In 1805, M. Fraunhofer of Bavaria, a 
celebrated manufacturer of telescopes, invited Guinand to be- 
come his associate in the manufacture of optical glass ; and 
from the united efibrts of these most ingenious men, proceed- 
ed glass of unexampled transparency and purity. Fraunhofer 
has recently deceased, and the difficulty of procuring perfect 
^lass is renewed. This induced the Royal Society of London 
to appoint a committee to institute new experiments on this 
subject. These have been prosecuted with the greatest ability, 
but have as yet produced no important results. 

568. These circumstances we have thought worthy of being 
recited in order to impress on the mind of the learner the formi- 
dable nature, as well as the great number, of the difficulties to 
be overcome in the construction of a large Achromatic Tele- 
scope. Yet they have in several instances, been completely 
surmounted. Fraunhofer executed two telescopes with achro- 
matic object-glasses, the one nine inches and nine tenths, and 
the other twelve inches in diameter ; and at the period of his 
death, he was proposing to undertake one eighteen inches in 
diameter. That of 9.9 inches aperture was made for the Rus- 
sian government, for the use of the observatory at Oorpat, where 
under the direction of M. Struve, a distinguished astronomer, it 
has already achieved several valuable discoveries in astrono- 
my. The object-glass has a focal length of twenty -five feet. 
The concave part of the compound lens is formed of a dense 
flint glass made by Guinand, and has a greater dispersive power 
than any obtained before. It is perfectly free from veins, and 

^ ■■ ■■ -■■■- ,._—■..■ -■■■■■■-_ ^^^^^ 

1 — - I — — -*• — — — -— — - - - i 

Who has made the best ((lass ? What is said of Frauuhofer ? What 
it taid of the size and quality of the Dorpat telescope ? 

* The prfient Mr. Dolkmd, n saeensor of the inventor of Achromatic Tfleteopet, 
** has nut be«u able to obuin a disk offline glau four inches and a hnlf in diamtter, fit 
for a telescope, <vithin the last fire years, or a similar disk of five inches diaiXMiUtt niW 
la Uie hut ten yeui^.-^Fanuiay, PbiL Trans. LB30, 

30» 



569. Thegreat difficulty of procuring perfect glnsxforathro- 
nalic iclescopes hns led opticians lo Biicmpt ilie consiniction 
)f lenses for this purpose out of some transparent fluid Vfliic)i 
micht be inclosed in ihin glass. Such a medium seemed pecul- 
intly suited to take the place of the concave lens in which the 
principle difficiilly resides. Professor Barlow, of the Hililsry 
AcHdetiiy at Woolwich, has reeenily made several lelescope* 
on this principle, the last of which hud sin aperture of 7.8 inches, 
and perl'ormecl as well as the larger kinds of achromalic lele- 
Bcopes constructed in the usual way. The fluid employed ibr 
this puqiose was the sulphuretof carbon, a limpid fluid prepared 
from sulphur and charcoal. It is singularly adapted loopticd 
parposea, having a relVacting power about equal to thai of ihe 
Met Hint glass, with a dispersive power more than double ihii 
vt the same substance. It is, moreover, perfectly coioFlen, 
beautifully transparenl, and although it is very ToIatOe yet vhea 
closely sealed it possesses nearly the same optical properties 
imder all required temperatures. The advantages of using 
aulphnret of carbon, should the experiments &ially succeed as 
well as is CKpecled, are the following : 

1. It renders us independent of flint glass. 

2. It enables us to increase the aperture of the telescope loa. 
Teiy considerable exieni. 

3. It gives ua all the light, field an J focal powerof a telescope 
«f one and a hitlf times at least, probably twice the length of 
the Itjbe. 

The espense of large telescopes (which consists mainly 
in the cost of tlie objecl-glasa) is greatly diminished, the most 
expensive part being snp])lied with less than one ounce of sul- 
phuret ol carbon of the value of three shillings. 

The Temslrial or Day Telescope. 

570. As the Astronomical Telescope represenla objecK 
invert e d, it requires to be so modified for terrestrial views, thai 

VhBlaraiisnin£nifji»npoi.ecf.= WlittI is Boirl of/Wd objpcl-elBU- 

Hjciw Prrifrssor Bnilow'f »:tperirreiH6. Wh.U was il.c jiw Slid 

rormnncmfliiBieleMOpusf WliatadvaniageiiiBve fluid objocl-^eBK* 

It imHrtml u ■««iw»lnil(, Artmmtile Trfcunpn trt ---• •-■ - 

•MienifrofllieiiwrtHtf. IfiiclMtBpt wiih lortis™ RlM>m 
r ^M.^1. 'L." u, thLit)'-1«othul^buaaut\ui. 
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objects may appear erect. This is effected by the addition of 
two more lenses of similar figure to that of the eye-glass, and 
of the same focal length. The first of these additional glasses 
forms a second image of the object inverted with respect to the 
first image and therefore erect with respect to the object. This 
image is viewed by the second glass as by a simple microscope. 
Thus, AB, the object glass forms an inverted image nm of the 




object MM. Instead of viewing this image by the eye placed 
at L, as in the common astronomical telescope, we suffer the 
pencils of parallel rays to cross each other at L and fall upon a 
second lens EF (similar in all respects to CD) which collects 
them into an image tn'n' in its focus of parallel rays, which 
image is viewed by the eye glass GH in the same manner as 
the object itself would be. 

As some portion of the light is reflected, and some absorbed 
and dissipated by passing through these additional lenses, they 
of course diminish the brightness of the view ; but in the day 
time there will usually be light enough for distinct vision afler 
this loss is sustained, while it is more agreeable and convenient 
to have the objects presented to us in their natural positions than 
inverted. It will be remarked that the additional lenses do not 
magnify, the focal length of each being the same as that of the 
first eye-glass. Were they rendered smaller for the purpose of 
magnifying, the field of view and the light would both be im- 
paired. 

571. We usually find in telescopes, particularly those design- 
ed for terrestrial objects, some contrivance, as a draw tube, by 
which the eye-glass can be brought near to, or withdrawn from 
tlie object-glass. This is to accommodate the instrument to 
objects at different distances. When it is directed to very near 
objects, the image is thrown farther back, and therefore in order 
that it may be in the focus of the eye-glass, (which is essential to 



Dai/ GUtss. — How does it represent objects f By what means is this 
efiected .' Describe the construction by the figure. What effect have tlie 
additional glasses upon the brightness of the iui&^e? B^ \^^«ft\fii'<^^\V|X 
l^bat is the use of thfi draw tube ? 



I 



362 ^^^^^^H 

(littinct rision) llie lailer roust be drawn backward; liul where 
llie object is remoie, the image is formed nearer to ihenbjecl- 
Blasi, and then the eye-glass must be moved forwati, till its 
focus ol' parallel rays, comes to the place of the image. Fora 
. aimiiar reason, near sighted persona require the eye-glass 10 be 
brought nearer than usual to the object-glass ; for then the laage 
will be nearer lo the eye-glass than its focus of parallel rays.awJ 
the rays will meet the eye diverging, a condition favorable to eyes 
naturally too convex. For a contrary reason, long sighted 
persona, who usually wear convex spectacles, may adjust die 
telescope to suit their eyes without spectacles, by removing the 
eye-glass farther back than usual. 

Most terrestrial telescopes contain a greater number of glasses 
than are represented in Fig. I'i3. Such a number are used 
for the purpose of correcting spherical and chromatic aherraiioo, 
these errors being less in several flat and thin lenses than in a 
smaller murober of equivalent lenses of greater curvature. 

Astronomical telescopes are easily adapted to terrestrial 
observations, by removing the eye-glass and substituting a lube 
containing the aJdditional glasses for rendering the view erect. 

Receding Telescopes. 

672. Reflecting Telescopes differ in principle from ihoae 
already described only in forming their image by a concave refiei>- 
tor, instead of a convex object-glass. The most common foris 
■of the Reflecting Telescope, is the Gregorian, so called filW 
the inventor. Dr. James Gregory of Scotland. Tbe geoenl 
jirinciples of this instrument may be explained as fullows: 

In the Gregorian Telescope, the light (supposed to come in 
parallel rays) is first received by a large concave speculum, by 
which it is brought to a focus and msde to form an inverted 
image. On the opposite side of this image, and facing the large 
speculum, is placed a small concave speculum, of greater cur- 
vature, at such a distance from ihe image that the rays proceed- 
ing Iroui it and falling on the speculum are made to converge to 
A focus situated a small distance behind the large BpeculuDi, 
passing through a circular aperture in the center of it. This 
second image is magnified by a microscope as in the Ilefrac- 
,ting Telescope, This description may now be applied to the 
annexed figure. 

is IhB use of the el'siei !nn"'ii'iies(iii|)riiyi!rl tn Bildlil'.ii lo ttmie 

.ltd in iBirettritil ohtervaltons? R'fierling 3>/f mnpc — Hmr 
rti eliey form the irnnge! lii tliBGtTE.tmanve\«cov«,hoyi it ihchaH^H 
(onoed! Slnlc liow thU,liy a. kcuu>^ ieftc'Msa,\s>»nN«-)iL&\b'>^n^^^| 
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Fig. 134. 




ABCD, a large tube of brass, iron, or mahogany to contain 
the^eflectors. 

abed, a smaller tube to receive the second image and the eye 
glass. 

EE, large concave speculum, usually composed of a metallic 
compound called speculum metal, 

FF, small concave speculum. 

fwn, image formed by the large reflector. 

nm, image formed by the small reflector. 

^> eye-glass. 

"W Y, a metallic rod having a screw connected with the small 
reflector, by means of which this reflector is made to approach 
the first image or to recede from it. 

, ^ome of the pencils of rays necessary to form the respectitc 
images, are omitted in the figure to prevent confusion. 

573. From the foregoing construction it is evident, first, that 
the image viewed by the eye being in the same position with 
the object, the latter will appear erect} secondly, that since the 
mirrors may be formed of a parabolic figure,* all spherical abef' 
ration may be easily prevented ; thirdly, that since light is not 
decomposed by reflexion, reflecting telescopes are not subject 
to chromatic aberration ; and, hence, that is not necessary to 
lengthen the tube as the aperture is increased, as is the case in 
refracting telescopes ; (Art. 566.) but since the light will depend, 
chiefly, on the size of the large reflector, a strong light may be 
obtained with a comparatively short tube. The achromatic 
telescope, however, with all the latest improvements, is deemed 
a more perfect and more convenient instrument than the reflect- 

Dftscribe from the figure. Does the Gregorian telescopes give the 
image erector inverted f How is sphericnl and chromatic aberration 
prevented? How do the Achromatic and Rftfletl\u%X«.\ft^wi^^^vwsc^^x^ 
in perfection ^ 

* An elliptital figuve bat tlve laxDC 'yto^tt^* 



g telescope ; and it is supposed that there will be no octant 
herearter to conairucl reflectors of such enorinons dimen^eT 
BS those or Dr. Herschei. Some account of his Tony ft 
reflector may form a suitable cioae to this sketch of oj 




f 474. Under ihn munificienl patronage of George III. 
toWilHaiiiHerBcbel began, in 1785, lo construct a telescope foi 
BfMt long, and in 1789, on the day when it was compleied, ' 
J discovered with il the siKih satellite of Saturn. 'I'he gi 
Bpeculum was more ihan four feet in diameter, and weigl 
two thousand one hunilred and eighteen pounds. Its ** 
length was forty feet. The tube which contained it was 
of sheet iron. 

The light afforded by this instrument was astonishingly gmt. 
The largest fixed stars, as Sirius, shone in it with the splenttar 
of the sun. The reason of this will be obvious when we reflefl 
that it collected and conveyed to the eye, in place of the small 
beam that enters the naked organ, a beam of light from iho «iHt 
more than four feet in diameter. Hrrcc it was suited to reveal 
to the eye numberless stars and clusters of stars, which prece- 
ding telescopes had failed to exhibit, because they could not 
collect a sufficient quantity of their light. To economize the 
light to the best advantage, the small mirror employed in the 
Gregorian telescope (see Fig. 134.) was dispensed with, since 
every successive reflexion dissipates a considerable portion of 
the iight,and the image was thrown near lo the open raoulh of 
the tube, where it was viewed by the eye-glass directly, the 
observer being sealed so as to look into the mouth in front ' 
-iwderlo prevent the head from obstructing too much of the 1_ 
I l^ie image was formed near one side of the lube. Its greaii 
w^nagnifying power was six thousand four hundred and fifty ' 
''^' as used only for the smallest stars. 

s great telescope was mounted out of doors in a frame of 
toportionai size ; but by exposure to the weather, the frRine 
as recently become so much decayed that it has been takes 
V>-down and another telescope of twenty feet focus erected ' 
Ijdace. 
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APPENDIX. 



OF PHILOSOPHICIL APPARATUS AND EXPERIMENTS. 

The Utility of experiments for verifying the truths of philoso- 
phy, and for impressing them upon the memory of the learner, is 
universally acknowledged. Experiments, indeed, constitute the 
true and legitimate kind of entertainment, by which the less 
attractive parts of this science are to be rendered acceptable and 
pleasing to the young learner. 

In most of our schools, however, few or no experiments are 
given in connexion with the study of Natural Philosophy, cither 
from the want of suitable apparatus, or of leisure or inclination 
on the part of the instructor. 

Although accurate and expensive instruments are highly use- 
ful for the purpose of verifying the doctrines of philosophy, still, 
numerous and useful illustrations of philosophical principles 
may be exhibited by apparatus of an inferior kind, such as can 
be constructed under the direction of the experimenter him- 
self, by ordinary mechanics. An ingenious artizan, furnished 
with suitable cuts or drawings, with a few directions from the 
teacher, will construct many articles of appar^itus, that will 
answer the purpose nearly as well as more expensive instru- 
ments. For instruments of the better sort, however, it will 
generally be found more advantageous to apply to professed 
instrument makers, a number of which will be found in each of 
our large cities. 

The following list of articles, with such additions as every 
one may easily make for himself, will be sufficient for perform- 
ing the experimenta necessary to accorap^ivY \\\e^x^^«oX -v^^* 
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1 . AttBood's Machine, {Fig. 2, p. 25. ) — This is om of [be 
taosi useful articles of apparatus, aince it afTords the means ot 
verifying the fundamemtLl principles of mechmiics. Seepp. 
S5, anJ 43,} It is, however, too expensive to be compriiedia 
Btnall collections of spparatus. 

2. WkiTliHg Tables. — These afibnl an instructive exempli- 
cation of the principles of rotary motion, and the docrtine of 
Cfntrifiigal force. 

3. Center of Gravity/ Apparafus.Several articles, of ihe 
nattire of toys, are sold at the instrument maker's which affonl 
■ pleasing illustration of the doctrine of the center of gravity. 

4. Mechanical Powers — A set of these, in brass, connecled 
together in the same frame, is sold in the shops. They afTonl 
pleasing illustrations of the principle of the Lever, the Wheel 
and Axle, Slc 

The principles of Hvdrostatics and Pneumatics, are bilb- 
ceptible of very striking and accurate verification by means of 
suitable apparatus. 

5. Bent Tube, (Fig. 66.) — Or, the apparatus represented in 
Fig. 67, may be easily formed by inserting into a strong wix»den 
bos, made water-tiglit, glass lubes, or vessels of almost any 
shape, aa a broken decanler, or glass receiver. 

6. Hydrostatic Paradox, (Fig. 68.) — This may be made by 
a saddler, or better by a professed bellows-maker. Two cir- 
cular pieces of hard, close-grained wood, eighleen inches in 
diameter and two inches thick, are used for the top and bottom. 
To these ia nailed a piece of the strongest leather, well soaked 
with oil, or saturated with melted tallow. The glass tube, 
instead of ascending from the side, as represented in Fig. 68, 
may more couvenienily be attached to a large screw inserted in 
the top board, near one side. This may be unscrewed for the 
purpose of introducing water. The glass tube may be nboul 
three feet long, and of quarter inch bore. Although very heavy 
weights may be raiacil bj a smaW t^anCwj, wi W\S 
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water, yet they rise through so small a space as hardly to be 
perceptible, and the experiment is not sufficiently striking to 
interest the spectator. The motion, however, may be multiplied 
by connecting a lever and multiplying wheels with the bellows, 
by which means a very small motion of the bellows will give 
a rapid revolution to a pointer, and thus render the verification 
of the doctrine entirely satisfactory. Such a multiplying appar- 
atus has been connected with the bellows belonging to -the 
apparatus of Yale College, so that half a gill of water will com- 
municate a rapid motion to a pointer, when the bellows is loaded 
with a weight equivalent to or five hundred and sixty pounds. 

7. Specific Gravity Apparatus. — A box of instruments under 
this name is sold in the shops ; but an accurate pair of scales 
and weights, a hook being attached to the bottom of one of the 
scales is all that is sbsolutely required, beyond such apparatus 
as every one may command. 

• 8. Air Pump, (Fig. 73.) — A double barrelled air-pump, of 
the kind represented in Fig. 73. with the various appendages 
that usually accompany it, is a most important article of philo- 
sophical apparatus. The experiments performed with it, upon 
the pressure and elasticity of the air, are easy to the experi- 
menter, and novel, entertaining, and instructive to the learner. 
The barrels are sometimes made of glass instead of brass, which 
has the advantage of rendering the process of exhaustion visible 
to the learner. Such barrels are also preferable to those of brass, 
on account of their being less liable to corrode from the action 
of the oil employed to soften the valves and tighten the juncture 
of the piston. 

9. Condensing Syringe, (Fig. 76.)— Sometimes a copper bot- 
tle furnished with several spouts for projecting water m different 
shaped jets, is sold with the condensing syringe. This appar- 
atus is useful for illustrating the principles of spouting founiaina, 
the fire engine, &c. 
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10. Barometer. — The mountain baromeler, vhich 
either for imlicaiiog changes of weather, or for teking heightg, 
is ihe kind lo be preferred. It would be conduciire lo the inter- 
esls of science, for eveiy literary iusiitutioo to keep an accmie 
daily register of the slates of the barometer and thermometer. 

11. Syphon Tube. — A common glass lube, bent overadidi 
•f coals, will answer every puipoae of a syphon. 

12. Pamp ifoie/i.— (Figs. 79. 80.) 

13. Modil of the Steam Engine.— This will be found highly 
Hisiruciive and interesting to pupils. They we made of various 
lonns, but are usually somewhat ejpensiTe. 

14. EkctTtcal Machines, (Figs. 86. 87.)— The subject of 
dectrtcily, can scarcely be understood without experiments. A 
considerable number of these, however, can be performed with 
such ahumble apparatus as that described on page 233 ; bni a 
well selected electrical apparatus is not very expensive, and is 
ft great omaraent to a collection. Nearly all the articles rep- 
resented in the figures under the head of Electricity are requi- 
red, together with several mentioned in the test. 

15. Horse-shoe Magnet. — A large magnet of thla kind will 
be sufficient for verifying the most important laws of magnetism. 

16 A concave and convex Mirror. 

17. Two Prisma. 

18. Perspective glass, {Fig. 126,)— The fens Belonging to 
tbis instrument, (the mirror being taken off,) will be found veiy 
convenient for expetiments on. refraction, being ready mounted 
on a stand. 

19. Microscope. — One or two single microscopes of different 
powers, will be sufficient to illuslralc the theory sf the insini' 
nwnt. 

tJO. Magic Lantern. — This apparatus with transparent figures, 
is not expensive, and aflbnls a pleasing exemplification of tUs 
magnifying power of lenses. 

21, Solar Microscope,— "Y^-A a i-set^ va'usverti.tt'j^ ^iai 
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apparatus, and should accompany every collection Tfhere the 
expense can be afforded. 

22. Achromatic Telescopes. — A telescope of two inches aper- 
ture will, if well constructed, be sufficient to afford good views- 
of the moon and of Jupiter's satellites.* 

The expense of the foregoing apparatus will of course vary 
with its quality. The entire collection, made in the best manner^ 
would not cost more than one thousand dollars , and when 
constructed in a style less finished and elegant, but still in such 
a way as to answer the purpose of illustration, the cost might 
be as low as five hundred dollars. Taking out Atwood's Ma* 
chine, the model of the Steam Engine, and the Telescope, the 
remaining articles would not cost more than from one bundled 
and fifty to two hundred dollars. 

'Reflecting^ Telescopes are made by Mr. Amasa Holcomb of Soutliwick Mass. which 
aresfforded at a price much less than that of Achromatic telescopes of eqivalent power. 
One suited to tiic wants of an Aecademy may be had for one hundrra dollars* Hf 
Buket very fiae instruments for five humbled dollars. 
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